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Jute — World’s Foremost Bast Fibre. 
II.' Technology, Marketing, Production and 


Utilization 


Jute fibre is the world’s principal material in manufac- 
turing coarse textile for conversion into sacking and 
canvas. It enters also into the production of upholstery, 


rugs, carpets and roofing fabrics. 


Secondary products 


are food from its tender shoots, medicines from its dried 
leaves, fuel and paper from its stems, and oil from its 


seeds. 
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FIBRE TECHNOLOGY 
Chemistry 
Hugo Muller, whose work in 1876 
(157) was probably the first to give the 


chemical constituents of jute in detail, 
provided the data in Table II. 
Others (28, 165, 200) have estimated 
1Part I, dealing with Botany, Agronomy, 
Diseases and Pests, appeared in the preceding 
issue of Economic Botany 
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INDU 
, Barrackpore, India 
TABLE II 


Chemical Composition of Jute 
to Muller in 1876 


J According 


Long fibre 


Nearly Brown 
ce a Faw n a - 
; coloured ings 
speci- 
men 
BE sb bcu ns views 0.68 ail ey 
Water . eae. 9.93 9.64 12.58 
Aqueous extract 1.03 1.63 3.94 
Fat and wax 0.39 0.32 0.45 
CN si ck tin ss 64.24 63.05 61.74 
Incrusting substances 
and pectic con- 
stituents. (Differ- 
ence from 100) 24.41 25.36 21.29 
that the fibre contains 74% cellulose, 
11% lignin, 12% to 13% xylan in the 


cellulose, and very small quantities of 
wax and nitrogenous, colouring and min- 
eral matters. Though a small percent- 
age of pectin is usually present in natu- 
ral jute, properly retted fibre does not 
contain any (200). 
sition of the fibre on an oven-dry basis 
is shown in Table III (28). 

The principal constituents of jute 
fibre are cellulose, lignin and hemicellu- 
The first two exist 


The average compo- 


loses. in combina- 
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TABLE Il 


Oven-dry Analysis of Jute Fibre 


Alpha-cellulose 
Hemi-cellulose .................. 
Lignin (ash free) 
Nitrogenous matter (as protein) .. 
Fat and wax (including extractable 

colouring matter) 
Ash .. 


60 percent 
26 percent 
1l percent 
1 percent 


1 percent 


1 percent 
100 


tion as ligno-cellulose, not chemically 
united but in physical association (167, 
168). The cellulose portion is made up 
of alpha and beta celluloses. a-cellulose 
is an oxycellulose, the more resistant to 
oxidants and hydrolytic agents; 8-cellu- 
lose is characterized by the presence of 
—~OCH: and is resistant ; 
under strong oxidative and hydrolytic 
reagents it is converted into soluble de- 
rivatives. Lignin consists of (a) a fur- 
fural-yielding complex which appears to 
be an oxycellulose derivative; this is a 
polyanhydride, converted into oxycellu- 
lose of ordinary type on hydration; and 
(b) an unsaturated compound, of which 
the C=C groups are localised in Ce» 
rings. These rings are, further, of ke- 
tonic or they 
contain a CO group, and appear to com- 
bine readily with chlorine in the presence 
of water; the resulting quinone chlorides 
are bodies of definite properties and re- 
actions. 

The interpretation of Sarkar and co- 
workers (145, 204) regarding the associ- 
ation of lignin and polyuronides may 
have an interesting bearing on the nature 
of the lignin molecule and the mode of 
association of both constituents with 
cellulose, but there seems to be little di- 
rect evidence at present to indicate that 
the cellulose micelles are incrusted with 
the postulated lignin—polyuronide—pento- 
san complex or that the pentosan—poly- 
uronide combination is more closely 
associated with the cellulose. 

Glucose, xylose and arabinose are the 
products of hydrolysis of jute 


groups less 


quinonic character, i.e. 


main 


ECONOMIC 


BOTANY 


fibre. The nature of association of these 
constituents has been a subject of seri- 
ous controversy. These components may 
be associated as solid solutions or mixed 
crystals (6). Xylan is regarded (165, 
166) as an integral part of the cellulosic 
aggregate, oriented in the same way as 
true cellulose and taking part in the mi- 
celle. There are claims for (46, 47) and 
against the presence of cellulosan. 

The dull-gray-black or “ shyamla ” 
colour of olitorius jute is attributed to 
the greater tannin content of the stem 
which, in combination with iron salts in 
the retting tanks, gives the distinctive 
shade. In bleaching, this colour is easily 
removed by treatment with dilute min- 
eral acids or oxalic acid without appre- 
ciable loss of strength (200). 

During retting the fibre is separated 
from the bark and the stick by the action 
of microorganisms which release enzymes 
that decompose the pectic substances in 
which the fibres are embedded into 
water-soluble products and thus loosen 
the fibres. 

Jute fibre is slightly acidie and reduc- 
ing in nature. Both these characters are 
due to the hemicellulose content, uronic 
acids contributing to the acidity almost 
entirely (200). Uronie acids appear to 
be combined, perhaps in mixed chains, 
with pentosans or hexosans; a-cellulose 
from jute has small acid value. Cellu- 
lose from jute prepared by any of the 
usual methods invariably contains some 
polyuronides. These, therefore, cannot 
be regarded as easily removable encrust- 
ing hemicelluloses. By virtue of the 
hydroxyl groups, the fibre softens water 
and possesses strong affinity for basic 
dyes (203). Jute fibres normally weaken 
when wetted and regain strength on dry- 
ing; boiling with water gives an acidic 
solution. Although on boiling with mild 
alkalies, like soda ash, borax and ammo- 
nia, the weight is reduced up to 11 per- 
cent and a slight yellowish-red shade is 
imparted to the fibre, the dry strength 
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Fic. 10 (Upper). Leveling jute soil in India by a ladder 
Fic. 11 (Lower). An Indian jute-seed drill 
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generally increases, apparently due to 
removal of nitrogenous matter. Strong 
alkalies may reduce the wet strength up 
to 50 percent, and up to 26 percent of 
the weight. Of the organic acids, dilute 
acetic, when cold, does not affect, but 
ten percent solution on boiling reduces 
up to 25 percent of the strength without 
much loss of weight. Formic acid is 
more harmful, and oxalic acid is highly 
detrimental, reducing the fibre to a dark- 
brown powder. Mineral acids are even 
more powerful and by hydrolysis con- 
vert the fibre into a powder when boiled 
for a short time. Reducing agents, such 
as sodium hydrosulphite, temporarily 
lighten the shade without seriously affect- 
ing the strength and weight. Bleaching 
agents, like hypochlorites, lighten the 
tinge, but on prolonged treatment the 
fibre is bleached to a cream colour and 
the strength and weight are greatly re- 
duced. Concentrated solutions of caus- 
tic soda at room temperature swell the 
fibres which on washing and drying are 
transformed into a curly wooly mass. 
Prolonged heating at 105° C. renders the 
fibres dark and brittle permanently. 
Continuous and strong sunlight weakens 
them rapidly. Jute has a marked affinity 
for basic dyes, though it can also be 
coloured with acid and other dyes (170). 

Cellulose from jute and that from 
cotton are almost identical (39). The 
yield of cellulose acetate, of cellulose 
octoacetate, and of glucose, as deter- 
mined by the yield of methyl! glucoside, 
and that of glucose and the percentage 
of methoxyl in methylated cellulose are 
almost identical in both. But when 
treated with alkali of different concentra- 
tions for the formation of viscose, there 
is a difference and the residue obtained 
after the formation of viscose is always 
greater in cotton cellulose than in that 
from jute. This is attributed to the 
physical differences in the composition 
of the two and to the arrangement of the 
micelles resulting in the greater resisting 
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capacity of cotton. The solubility, vis- 
cosity and the time required for coagu- 
lation of viscose solutions from the two 
celluloses are widely different. The sur- 
face tension of jute cellulose is always 
higher than that of cotton. Thus, though 
both the celluloses consist of poly-anhy- 
droglucose residues, of which the glucose 
units are probably linked with each other 
in exactly the same manner, the degree 
of polymerisation is always lower in jute 
cellulose. 

There are no major differences in 
chemical composition between the fibre 
of capsularis and of olitorius except in 
the nitrogen, fat and wax content, which 
is always lower in C. olitorius (7, 202): 


C. capsularis C. olitorius 
%e %e 

0.243 0.168 

1.22 0.64 


Nitrogen 
Fat and wax 


Quality 
Indian jute mills, on the basis of their 
requirements for the production of either 
hessian cloth or sacking bags, have fixed 


certain standards regarding jute. Qual- 
ity is judged by assessing length, strength, 
colour, lustre, percentage and quality of 
cuttings (defined on page ), propor- 
tion of faults (roots, specks, knots, run- 
ners, hard crop, ete.), uniformity and 
slipperiness of the yarn produced, and 
such general features of the fibre as fine- 
ness, stiffness and hardness. Of these, 
strength is the most important, and is 
estimated as the breaking load in pounds 
of unit length of fibre. The quality ratio 
(Q.R.) is the strength of the yarn, manu- 
factured from the fibre, in pounds multi- 
plied by 100 and divided by its grist 
(weight in pounds of 14,400 yards of 
yarn). 

A fibre having good length and strength, 
high lustre and good colour, free of any 
fault and with the smallest percentage of 
cutting is regarded as of good quality, 
and that which spins into the finest yarn 
is of the best (73, 93, 94, 130-132). 


JUTE 


It is only from certain areas, where 
optimum conditions prevail, that fibre of 
the highest quality can be obtained. Dif- 
ferences in quality are generally associ- 
ated with differences in the total length 
of the filaments (strands); and with in- 
crease in their average length, the mass 
of unit length of the filament increases 
(208). Work at the Technological Re- 
search Laboratories of the Indian Cen- 


Fig. 12. 


tral Jute Committee has shown that 
fibre that feels heavier in the hand tends 
to have a higher spinning quality. A\l- 
though such “ apparent density ” is not 
closely correlated with spinning quality 
when considered alone, it is a useful cri- 
terior combination with other charac- 
ters, for instance, fineness and strength. 
C’. olitorius, in general, has a higher ap- 
parent density than C. The 
greater absorption capacity of the latter 


capsularis. 
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when immersed in light mineral oils sug- 
gests that it has larger pores or a greater 
surface area, or both, as compared with 
the fibre of C. olitorius (27). 

The moisture regain in jute varies 
from 14 to 17 percent under Calcutta 
conditions (163). When the range of 
atmospheric relative humidity is 55 to 80 
percent, the strength of white jute (cap- 


sularis) is little affected. Jute yarns 


Jute crop (C. olitorius) about two-months old. 


generally lose strength when soaked in 
water, and the loss is higher in better 
quality yarns (207). On exposure to 
moisture, the fibres turn brown and be- 
come weak and brittle. 

The most important factor on which 
quality depends is retting. In areas 
where good and abundant retting water 
is available, fibre quality is expected to 
be better. Apart from the quality and 
quantity of retting water, the retting 
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technique also determines quality. In 
addition, suitable selection of covering 
material, size of the bundles, volume of 
water in the retting tank or ditch, and 
depth of the jaks (layers of jute bun- 
dles) below the surface of the water, all 
play their roles in determining quality. 

The fibre from tall and thick plants is 
generally inferior to that from short and 
thin plants. This is due to the fact that 
in thick and tall plants, by the time the 
thicker end of the stem has retted com- 
pletely, the thinner end becomes over- 
retted, and consequently the fibre from 
the upper portion of the stem becomes 
weak and dazed. Generally, thick and 
tall plants are obtained from late ma- 
turing varieties. By the time the late 
varieties mature, there may be a short- 
age of retting water, and steeping ditches 
may be over-worked. This adds to the 
contrast in the colour of the fibre, the 
fibre of early varieties being usually free 
from discolouration. 

Besides retting, other factors, e.g., va- 
riety, cultivation practices, diseases and 
pests, climatic conditions and excess of 
dirt and moisture, have influence on the 
quality of jute. Factors responsible for 
improved quality fall mainly under two 
heads: (a) non-controllable, e.g., envi- 
ronmental conditions, particularly soil 
and climate, and amount and quality of 
retting water available; (b) controllable, 
e.g., variety, methods of cultivation, 
stage of harvest and methods of retting 
and extraction. 

Of all the textile fibres, jute exhibits 
the greatest variation in colour. That of 
capsularis fibre varies from pale cream 
to dull gray to brown and dull gray 
black. A good colour is often regarded 
as a criterion of good quality. Fibre of 
better colour comes from areas where 
retting is done in clear slow-running 
water (the river Brahmaputtra and its 
tributaries being the source) than from 
areas where retting water is muddy 
(source being the river Ganges and its 
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tributaries). Stems and leaves of jute 
contain a certain amount of tannin. 
When the plants are retted in muddy 
water usually containing iron, the tannin 
in the plants combines with iron in the 
water to give a dark colour. Dull gray 
black or “shyamla ” colour of olitorius 
jute is due to the greater tannin content 
of the plants (8E, 200). Although dark 
fibre is considered to be of low quality, 
it has good spinning quality if properly 
retted and extracted. 

The following are some of the terms 
referring to defects usually attributable 
to unsatisfactory growing conditions and 
faulty methods of preparation (132): 

Rooty or Harp-sorroms. One of the 
commonest defects in capsularis jute, 
specially in low-lying tracts where ad- 
ventititous roots develop abundantly 
whenever inundation occurs. When the 
water recedes, the lower parts of the 
plants become exposed and develop a 
hard, tough periderm which is particu- 
larly resistant to retting. The periderm 
persists as such, and portions of the cor- 
tex remain undissolved during retting. 

Runners. Defect caused by incom- 
plete retting and careless washing. The 
periderm sticks to the fibre more or less 
in continuous strips from the bottom al- 
most up to the middle. 

Hunka. Here strips of periderm and 
dried up gum stick to almost the entire 
length of the fibre, making it hard, rough 
and stiff. 

Microscopically, runners and hunka 
show almost the same structural features 
as rooty. All three defects are primarily 
caused by an excessive development of 
periderm combined with incomplete or 
defective retting. 

CROPPY. 


These fibres have compara- 
tively hard and stiff top ends, usually 
resulting from improper immersion dur- 
ing retting. 

SPECKY AND Knotty. 
are usually used to describe fibres having 
small patches of barky matter (specks) 


These two terms 
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and agglutinated portions here and there, 
caused by uneven retting and/or insect 
injury, specially by Apion corchori. 
Sticky. Fibre containing broken pieces 
stick. Due to difficulty in 
cleaning and stripping, the woody core 
adheres to the fibre in small bits. 
Dazep. Dull lifeless fibre of inferior 
strength and poor spinning quality re- 


of wood or 


pe 
ee 
ate ae, 


vA 
Fic. 13. 


sulting from over-retting; may also be 
caused by storage while moist. 

Many fraudulent dealers dampen jute 
with water in order to increase the 
weight. As a result, the inner portions 
of the bales remain moist, and the fibre 
is greatly damaged by fungi and other 
micro-organisms. This is often known 
as “heart damage” of baled jute (31, 
69, 100). The damage is so heavy in 
some cases that when the bale is opened, 
the interior contains nothing but dis- 
coloured fragments. 


MARKETING 

After the fibre is dried, it is usually 
tied in small or large bundles for sale. 
Middle men between the growers and 
consumers move from village to village, 
even from door to door, buying the ma- 
terial which they then carry to baling 
stations where it is pressed into bales for 
transport to Caleutta or other consum- 
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ing or export centres. Most of the jute 
grown is disposed of in this manner by 


the growers at their doors, and some 


dealers advance money to them when the 


crop is still in the field. Occasionally, 
however, a grower carries a small bundle 
himself, or several of them by bullock 
cart or by boat, to a hat, i.e., a village 
market held once or twice a week. Since 
the mills are located in cities, mostly 
near Caleutta, far from the growing 
areas, growers seldom bring their com- 
modities direct to the mills for sale. 
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Commercial Classification 


Before grading, the fibre is classified 
in the local markets according to the re- 
gions where it is produced and the bo- 
tanical species. Each commercial class 
is later divided into grades, like top, 
middle, bottom and cross bottom. Be- 
fore the partition of India this commer- 
cial classification of loose jute was as 


shown in Table IV (93, 96): 


TABLE IV 


Classification (not Grading) of Jute in India 
Before Partition of the Country in 1947 


Nature of 


Class . 
Fibre 


Speci Ss 


Hard 


Soft 


‘orchorus capsularis Assam 


(White) 


Soft 
Hard 
Hard 
Soft 
Soft 
Soft 
Soft 
Soft 
Soft 
Soft 


Orissa 
Jat 
District 


orchorus olitorius 


(Tossa ) 


Northern 
Western 
Orissa 
Jungli 

Jat Daisee 
District 


(Daisee) 


More specifically, the classes may be 
characterized as follows in the order of 
their superiority: 

Jat. This class is of the finest qual- 
ity, produced in the highlands of the old 
Brahmaputtra tract. The fibre, gener- 
ally regarded as “ hard ”’, is clean, strong, 
sound; the strands are well defined. Its 
silky lustre and good colour are highly 
prized. The districts of Mymensingh, 
Dacca and Tippera in East Pakistan are 
reputed for jat fibre. 

District. The word is a trade 
pression and has no connection with any 
administrative area of Government. The 
fibre is sound, strong and long, but its 
colour and lustre are inferior to those of 
jat. It may be “ soft” or “ hard”, and 
tends to specky, heavily rooted, 


ex- 


be 


slightly coarse and not so clean as jat. 
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It is derived from jute grown on the 
char (low-lying inundated) lands of new 
Brahmaputtra areas, consisting of the 
district of Noakhali, Mymensingh, Tip- 
pera, Faridpur, Bakargunj, Pabna and 
parts of Dacca in East Pakistan. 

NorRTHERN. Produced in the high- 
lands of the districts of Jalpaiguri, West 
Dinajpur, Maldah and Cooch Behar of 
West Bengal, and Rajshahi, Dinajpur, 
Bogra and Rangpur of East Pakistan 
situated north of the Ganges and west 
of the Jamuna rivers, and watered by 
the tributaries of the Brahmaputtra. 
Jute from the Morang district of Nepal 
also comes under this class. Water in 
these areas is usually not very clean, 
and the jute produced is inferior to Dis- 
trict class. It is soft and long but fluffy, 
hairy and sometimes heavily rooted. 

Western. Jute produced in Bihar 
and U.P., served by the Ganges, Gan- 
dak, Kosi, Gogra and other minor rivers 
of the region, falls under this category. 
The slightly unsuitable climate of this 
region combined with defective methods 
of cultivation and with scarcity of ret- 
ting water usually result in inferior fibre. 
This class is generally weak, soft, short, 
specky, sticky, often rooty and not so 
clean as Northern. The colour and lus- 
tre are also poor. 

DowraH. Grayish, medium length, 
strong, but specky, rooty, harsh and less 
clean fibre obtained from the East Pakis- 
tan districts of Faridpur, Barisal, Jes- 
sore and Khulna served by the deltaic 
rivers. 

Juneui. Of poor colour and poor spin- 
ning quality, soft, dirty, heavily rooted, 
sticky, specky and tangled. Generally 
produced in Murshidabad, Maldah and 
parts of Bihar and U.P. 

Assam. In Assam capsularis jute is 
mainly grown, but the area under oli- 
torius is increasing. Jute from the Up- 
per Brahmaputtra region, which includes 
Darrang, Goalpara, Kamrup, Sibsagar, 
Lakhimpur and Nowgong districts, and 
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from the Cachar district in Surma Val- 
ley is placed under this category: also 
jute from the Sylhet district (Hast 
Pakistan) in Surma Valley. This jute 
shows great variation in quality, even 
from the same district, the poorer qual- 
ity being usually the result of defective 
cultivation and lack of care at the time 
of retting. The fibre is normally sound, 
long and strong, though often soft, 


Fig. 14. 


and of inferior colour and 


specky, rooty 
lustre. 


Orissa. Jute produced under poor 
conditions in the districts of Cuttack, 
Balasore, Puri and Sambalpur in the 
area watered by the Mahanadi river in 
Orissa. Shorter and more specky than 
Assam, sticky and inferior 
colour and lustre. When cleaned prop- 
erly, it is smooth and soft and spins 
well. 

DaiseE. This class of olitorius fibre 
is obtained in 


rooty, of 


areas near Caleutta on 
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the tracts of land covered by the Bhagi- 
rathi, Rupnarain and Damodar rivers. 
The colour is dark but the fibre is silky, 
sound, strong and long. The districts of 
Midnapore, Burdwan, Hooghly, Howrah, 
24-Parganas and Nadia in West Bengal 
and of Jessore and Khulna in East Pak- 
istan usually produce this class. 

The foregoing classification has been 
superseded by the present (91) which 


Bundling and carrying jute prior to steeping. 


recognizes seven classes (Northern, As- 
sam, Murshidabad District, 
Western, Jungli, Local) under each of 
the two species, and an eighth class 
(Daisee) under C. 


Orissa, 


olitorius. 


Cuttings 

The 
plant are collectively referred to as a 
‘reed’ and are usually very coarse at 
their lower ends because during retting 


fibres obtained from a _ single 


the top portions are retted much earlier 
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than the bottoms which are much thicker. 
If the bottoms are allowed to ret prop- 
erly, the middle and upper portions of 
the fibre will be over-retted, thereby 
very much reducing the quality of the 
fibre. The hard bottom portions, vary- 
ing in length from 6 to 18 inches and 
called “ roots ”’ and “ cuttings” by the 
trade, are usually cut off before baling 
into “ pucea”’ bales. During the early 
periods of baling jute, the screw presses 
could not press the good fibre along 
with the hard roots, and this difficulty 
probably led to the practice of cutting 
the bottom ends. For a number of years 
jute balers used to reject these cuttings 
as being of no use. Methods were soon 
developed, however, by the mills at 
Dundee, Scotland, to work cuttings with 
other fibres. In 1871 they bought the 
first consignment of them from Indian 
balers. These proved useful, and gradu- 
ally a steady business developed, first 
with the United Kingdom and then with 
America and other countries. Cuttings 
now form a large percentage of jute ex- 
ports from India and Pakistan. They 
are graded to a certain extent (73, 148). 


Grading 


The main purpose of grading is to 
sort each commercial class, previously 
described, into definite groups of ap- 
proximately the same quality. Quality, 
as already mentioned, depends on length, 
strength, colour, lustre, fineness, stiffness 
and the proportion of cuttings and other 
faults. Since some of these are difficult 
to evaluate with any degree of accuracy, 
only two characters, colour and the pro- 
portion of cuttings, are utilised in grad- 
ing. 

Prior to 1939 the standard grades for 
loose jute in Indian markets were “ 1’s ”, 
See “Se Mee" end’ “Re” <e- 
jections). The “1's” and “2’s” were 
considered suitable for export, and the 
“3’s” and “4’s” were marked for con- 
sumption by the Indian mills. Rejec- 
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tions held no guarantee as regards qual- 
ity. The names of these standards were 
changed from year to year in an effort 
to improve the quality in each grade 
and to stimulate competition between 
buyers and sellers. Depending on the 
colour, lustre, strength and general spin- 
ning quality, the recognised standards 
for quality in the case of exported jute 


were “Firsts”, “ Lightnings” and 
“Hearts” for capsularis jute, and 
“ Daisee” and “ Tossa” for olitorius 
jute. Written descriptions of these 


grades did not exist, and the awkward 
situations that arose when changes in 
standards took place, say, during the 
interval between the signing and the ful- 
filling of a contract, made the mills 
realise the necessity for defining the 
standards clearly in a manner that 
would ensure permanency. The Joint 
Committee of the Indian Jute Mills 
Association and the Calcutta Jute 
Balers’ Association accordingly estab- 
lished the standards—cop, middle and 
bottom—with effect from August 15, 
1938. In 1941, a fourth grade, Cross 
(X), was added (96). In 1950, the In- 
dian Standards Institution, in collab- 
oration with the Indian Jute Mills Asso- 
ciation, jute trade representatives and 
research workers of the Technological 
Research Laboratories, while broadly 
agreeing with the definitions of the 
grades as laid down by the Joint Com- 
mittee in 1941, defined the grades in the 
following manner (98): 


1. All Tossa and White raw jute, from which 
the root has not been cut, shall be graded to 
an appropriate grade out of the following four 
standard grades: (a) Tops, (b) Middles, (c) 
Bottoms, and (d) Cross (X). 

2. All such raw jute shall be assorted to the 
grade which describes it and shall not be in- 
cluded in a grade above or below the grade 
which describes it. 

3. Standard grades shall conform to the de- 
scriptions given below: 


WHITE JUTE 


Tors. This grade shall be straight morahed 


of sound fibre of good colour of the district. 
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The cuttings shall not exceed 25 percent of the 
total weight. 

Mippies. This grade shall be straight mora- 
hed of sound fibre of average medium colour 
of the district. The cuttings shall not exceed 
35 percent of the total weight. 

Borroms. This grade shall be straight mora- 
hed of sound fibre (not suitable for inclusion 
in a higher grade) but guaranteed to contain 
not more than 50 percent sacking weft quality 
or cuttings or both 

Cross (X) This grade shall be straight 


Cross (X). This grade shall be straight 
morahed (not fit to be included in a higher 
grade) or tangled (or ravelled) Tossa jute or 
both, irrespective of the percentage of cuttings 
in each but free from hunka or “ stick ”. 

The following definitions apply for the pur- 
pose of the above standards: 

Curtines. Hard barky lower ends of jute, 
commonly called the “ roots ”. 

HunkKA or “Stick”, All jute which is seri- 
ously under-retted and more or less continu- 
ously hard or barky. 

KutcHA AssoRTMENT,. The grading of raw 


Fig. 15. Comparative yields of jute from line-sown and broadcast crops 


morahed (not fit to be included in a higher 
grade) or tangled (or ravelled) white jute ot 
both, irrespective of the percentage of cuttings 
in each, but free from hunka or “ stick ” 
TOSSA JUTE 

Tors. This grade shall be straight morahed 
of sound fibre of good colour of the district 
The cuttings shall not exceed 15 percent of the 
total weight 

Mippies. This grade shall be straight mora- 
hed of sound fibre of average medium colour 
of the district The cuttings shall not exceed 
25 percent of the total weight 

Bottoms. This grade shall be straight mora- 
hed of sound fibre (not suitable for inclusion 
in a higher grade) but guaranteed to contain 
not more than 40 percent sacking weft quality 
or cuttings or both 


Tossa and White jute from which the “ root ” 
has not been cut 

Moran or Heap. A hank of jute generally 
weighing from 5 to 7 |b.; the term “ morah ” 
is common!y used in the Indian jute industry 
and the term “head” in overseas countries 


MorAHED \ light!y twisted morah of jute, 


turned over in the middle so that loose ends 
do not protrude through the ends of the bak 8; 
the bales are built up of morahs with lightly 
twisted ends on the outside and the loose ends 
towards the centre 

SacKInGa Wert Quatiry. Cuttings and weak 
lute 

Sounp Fir Fibre that is of reasonably 
good strength, free from weak (“ perished” or 
‘dazed ”’) fibre 

Tossa Jute. Fibre from plants grown from 
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C’. olitoritus seed. When grown near Calcutta, 
it is known as “ Daisee ” jute. 

Wuire Jute. Fibre from plants grown from 
‘7. capsularis seed, 


The Indian Standards Institution also 
set up standards for grading raw jute, 
from which cuttings (‘“ roots’’) are cut 
out before making into pucca bales (99). 

Although these standards for kutcha 
assortment are fairly established and 
are at present being followed by the 
trade, they are not ideal. Proper grad- 
ing of jute should benefit both the 
grower and the buyer. The present sys- 
tem is a step in the direction of improv- 
ing the buyers’ position, as it guarantees 
him two important factors—spinnabil- 
ity of the fibre and the percentage of 
cutting. The necessity for grading jute 
in a scientific manner, based on deter- 
minable characters like strength, colour 
and spinning quality, has been empha- 
sised by the trade and industry. The 
Indian Central Jute Committee also 
took up this problem in 1947 and tried 
to standardise the different grades on 
a scientific basis in cooperation with the 
various interests in the jute trade. 
Though some progress was made, no 
definite decisions were arrived at with 
regard to the standards of quality. The 
scheme of grading which was favoured 
by the majority of the members of the 


TABLE V 
Most Recently Adopted Grading 
of Indian Jute 

Cuttings of 
Grade Colour sacking weft 

content 

(percent) 

. Tops Light Up to 25 
2. Inters Light 26 to 35 
Medium Up to 25 

3. Middles Light 36 to 50 
Medium 26 to 35 

Dark Up to 25 

4. Bottoms Medium 36 to 50 
Dark 26 to 35 

5. Low Bottoms Light Dark 51 to 70 
Dark 36 to 50 
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Expert Committee (96, 188) is shown in 
Table V. 

This classification makes the quality 
attributes more specific, but the num- 
ber of grades was increased. The trade 
felt that the necessity for such a large 
number of grades for the export market 
has disappeared and that detailed speci- 
fications and grading are unnecessary 
for jute. The standards being followed 
by the trade are, therefore, the speci- 
fications drawn up by the Indian Stand- 
ards Institution in 1950. 


Baling 


Since it is destined to be sold to the 
mills in India or exported to foreign 
markets in specified grades, the fibre re- 
ceived at baling centres in unassorted 
condition is sorted into the accepted 
grades—Top, Middle, Bottom or Cross. 
The graded jute is then pressed into 
what are known as “ kutcha bales” by 
means of screw presses operated by hand 
or by power. The weight of a kutcha 


bale varies from one to four maunds 
(maund = 82.29 lb.). There are no 
standard dimensions for kutcha bales 


and their size varies from 5.8 to 12.5 
cubic feet. 

In addition to pressing into kutcha 
bales, some fibre, usually meant for in- 
ternal transport, is packed in “ drums ” 
of one maund of fibre, tightly rolled 
(31). 

Kutcha baling is done in a large num- 
ber of baling centres or secondary 
markets where facilities exist for stor- 
age of raw jute in baled form. Kutcha 
balers who wish to sell their fibre send 
it to the different terminal markets in 
Caleutta where there is generally a 
ready demand for the various classes of 
jute. Balers who can wait for favoura- 
ble market prices usually store the baled 
jute in their own godowns even till the 
next jute season. 

In addition to the foregoing kutcha 
bales of varying dimensions and weight, 


Fic. 16 (Upper). Jute bundles being arranged in floating layers at the time of steeping 
Fic. 17 (Lower). A retted bundle of jute being removed from steeping pond for extraction 
of fibre. In the background are bundles weighted down by logs and earth. 


16 


there are so-called pucca bales of more 
precise measurements, namely, 4'1” » 
1’6$” x 16”, 9.4 cubic feet and 400-pound 
weight. They are usually intended for 
export. Before the jute is pressed into 
them, the fibres are graded and cleaned, 


their root-ends removed as “ cuttings ”, 


Fic. 18. Initial loosening of fibre at the bot- 
tom end of retted stalks by pounding with a 
mallet 


and then graded again. Quality desig- 
nations for pucca bales are different from 
those for kutcha bales (98). The group- 


ings for capsularis (White) jute are Red, 
Firsts, i 
which are divided into sub-classes. 


some Ol 
The 
groupings for olitorius (Tossa) jute are 
Tossa and Daisee which are again di- 
vided The 


Lightnings and Hearts, 


into sub-classes. main and 
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and Tossa 
for jute from 


in both White 
jute, are now different 
Pakistan and India. 
After a pucea bale is packed, symbols 
and letters signifying the species, qual- 
ity, colour and the name of the baler are 
stamped on it. The balers are members 


sub-classes, 


Fic. 19. Initially loosened fibres being fur- 
ther loosened by jerking the stalks back and 
forth in the water. 


the Caleutta Baled Jute Associa- 
tion and are required to register their 
“marks ” for each grade of pucea bale 
with the Association. The contents of a 
packed bale must conform to the stand- 
ards laid down by the Association in 
concurrence with the London Jute Asso- 
ciation (148). 

Cuttings are graded separately and 


of 


JUTE 


bo 
pa 
~J 
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Fic. 20. Fibre being stripped from one plant at a time 
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packed into pucca bales. The quality 
groupings for them are different from 
those of cleaned fibres, and they differ 
in Pakistan and India. The jute mills 
in India do not usually buy jute, except 
“ cuttings ’’, in the form of pucca bales. 
The number of pucea balers engaged 
in selecting and baling jute for overseas 
consumption is less than that of kutcha 
balers. The press houses are mostly situ- 
ated near Caleutta on both sides of the 
river Hooghly. 
WORLD ACREAGE AND PRODUCTION 


World acreage and production of jute 
during the pre-war period, at the time of 


BOTANY 


partition of India and in 1952-53, are 
given in Table VI. The figures for India 
and Pakistan have been obtained from 
official sources; acreage and production 
figures for Brazil and Formosa and also 
other countries have been compiled from 
different sources. The combined acreage 
figures for Nepal, Japan, Iran, Thailand, 
etc., have been estimated from yield fig- 
ures and actuals (40, 76, 177). 


India and Pakistan 


Almost all of the world’s jute is grown 
in the Indian sub-continent, where the 
main jute-producing tracts are in north- 
east India and in East Bengal; the latter 


TABLE VI 
World Acreage and Production of Jute 


Pre-war At the time of 
1932-36 and 1936-37 partition of India In 1952-53 
average (1947-48) 
Countries 
Area Percent Area Percent Area Percent 
(in 000 ~=on world (in 000 = on world {in 000 on world 
acres) acreage acres) acreage acres) acreage 
ON edt, SE es acre 862 28.37 652 23.67 1833 47.23 
PN 5 on wiels sn we 2118 69.70 2059 74.74 1907 49.14 
Se ae Ae ae 30 0.98 7 0.25 43 1.11 
NS ta ree Bho 12 0.43 70 1.80 
Others including Nepal, 
Japan, Iran, Thai- 
ee ee ae aes 29 * 0.95 25 0.91 28 0.72 
We Jos .ccdades 3039 100.00 2755 100.00 3881 100.00 


(Production) 


At the time of 
partition of India 


Pre-war 


1932-36 and 1936-37 In 1952-53 


average (1947-48) 

Countries Produc- Percent Produc- Percent Produc- Percent 

tion on world tion on world tion on world 

(in 000 ~— produc- (in 000 ~— produc- (in ’000 produc- 

tons) tion tons) tion tons) tion 
I ee Oo one oie 'b a nn 340 2231 296 19.25 838 39.42 
rrr 1153 75.66 1221 79.39 1218 57.29 
Ne ee 16 1.05 2 0.13 21 0.99 
RES are aad NS 6 0.39 35 1.64 
Others (Nepal, Japan, 15 0.98 13 0.84 14 0.66 
Iran, Thailand, etc.) 

Sexe Sess 1524 100.00 1538 100.00 2126 100.00 


* Estimated for two years, 1936-37 and 1937-38 from yield figures & actuals. 
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TABLE VII 


Acreage and Production of Jute in Indian Union and Pakistan 


Acreage in thousand acres 


At the time 
of partition 
of India 
(1947-48) 


Pre-war 
1936-37 
& 1937-38 


average 


States 


Indian Union 


West Bengal ....... 231 266 

ER China is «i bo ica 408 144 

he 200 209 

SEE Ak «5c ba wales 18 22 

So 3k + anemones - Ber 

ATER pecacaaa bac 8 11 
Total for Indian Union 865 652 
Pakistan 

Eastern Pakistan 2115 2059 
Total for India and 

ye A i ae 2980 2709 
is now a part of Pakistan. Although 


jute has been cultivated here since early 
times, statistical data are available only 
since 1892. From that year through 
1952, the annual averages of five-year 
periods under production have ranged 
from a low of 2,019,000 acres in the 
1897-1902 period to a high of 3,408,000 
acres in 1937-1942; and the variation in 
output has been from a low of 5,641,000 
bales of 400 pounds each in the quin- 
quennium of 1897-1902 to 9,619,000 bales 
in the 1947-1952 period. 

Although jute has been grown mainly 
in Bengal and to some extent in Bihar, 
Assam and Orissa, it is possible to grow 
it in other provinces of India. Finlow 
(65) reported that jute could be culti- 
vated in certain areas of Madras and 
Bombay. Burt and Finlow (25) suc- 
cessfully carried out experiments with 
jute in U.P. in 1921, and since then nine 
districts in U.P. have been growing small 
quantities. At the time of division of 
India and the partition of Bengal into 
West Bengal (India) and East Bengal 
(Pakistan) in 1947, Indian Union pro- 
duced only 20 percent of the combined 
output of India Union and Pakistan. 


Production in thousand tons 


At the time 

of partition In 
of India 1952-53 
(1947-48) 


Pre-war 
In 1936-37 
1952-53 «& 1937-38 


average 


836 119 116 431 
460 144 72 157 
317 85 96 165 
116 7 8 46 
80 we 29 
24 3 5 10 
1833 358 296 838 
1907 1135 1221 1218 
3740 1493 1517 2056 


Kundu (122) investigated the possibili- 
ties of increased production of jute in 
India and suggested, among other things, 
the introduction of jute into new areas. 
Production of jute in India has since in- 
creased considerably. Area and produc- 
tion of jute in India and Pakistan in 
pre-war times, immediately after parti- 
tion of India and in 1952 are given in 


Table VII. 


Other Countries 


Outside India and Pakistan, jute has 
been under cultivation in Nepal, For- 
mosa, China and Japan for a long time. 
Continued attempts have been made for 
developing jute cultivation in other coun- 
tries also, particularly in Nigeria, Gam- 
bia, Uganda, Nyasaland, Sudan, Egypt, 
Turkey, Iran, Indo-China, Siam, Java, 
Paraguay, Brazil, Argentina, Mexico and 
Russia. Of all these countries the culti- 
vation in Brazil has been the most suc- 
cessful. 

NEPAL. Nepal has been growing jute 
for a very long time in the sub-montane 
areas adjoining the States of U.P. and 
Bihar in India. The acreage and pro- 
duction are not known accurately. The 
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average of imports into India was 10,000 
tons per year before World War II; 
during the period 1948-1952 production 
went down to 7,000 tons (76). Some 
quantities are consumed by local mills. 

ForMosa. Jute cultivation has been 
carried out for a fairly long time in the 
island of Formosa. In 1909, the first 
year for which statistics are available, 
the area under jute was 4,945 acres and 
the production 2,615 tons. During the 
Japanese occupation intensive efforts 
were made by the agricultural depart- 
ment for increasing jute cultivation. In 
1937 the area under jute was only 12,800 
acres; but progress was subsequently so 
rapid that in 1938 the area increased to 
66,000 acres with a production of about 
30,000 tons. The acreage and production 
have, however, gradually declined, and 
in 1946 the area is reported to have been 
down to 4000 acres with production of 
1000 tons. Acreage and production again 
increased, and from 1948 to 1951 the 
area under jute was about 30,000 acres 
per year; the production, however, only 
10,000 tons. The production of 1952 is 
reported to have been 21,000 tons (40, 
76, 93). 

Curna. There is record of jute culti- 
vation in China since the middle of the 
XVIII Century. 
mercial scale seems to have been taken 
up during the last century (193). Exact 
figures of the present acreage and pro- 
duction are not available, but it is re- 
ported that China exported 4000 tons of 
jute in 1935-36, 7000 tons in 1936-37 
and 4000 tons in 1937-38 (93). Figures 
for the war and post-war periods are not 
available. 

JAPAN. Japan has also been growing 
jute for more than 40 years in small 


Cultivation on a com- 


areas. From 1938 to 1947, annual pro- 
duction was estimated at about 4500 
tons. From reports available, the pro- 


duction appears to have decreased dur- 
ing the post-war period and is estimated 
to have been 2000 tons in 1952 (76). 
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West Arrica. Experimental cultiva- 
tion of jute carried out in West Africa in 
1936 was unsatisfactory. The fibre pro- 
duced was and brittle and the 
yield per acre very low (113). 

Attempts have recently been made by 
the E.C.A. Mission to grow jute in Ni- 
geria, but the results are, on the whole, 
not very satisfactory. 

IRAN. Small quantities of jute are 
produced in Iran. Since the year 1931, 
the average production, according to un- 
official sources, has been about 4000 tons 
annually (76). 

Siam. Experimental cultivation of jute 
proved promising in the northern regions 
of Thailand, and since 1937 small areas 
have been cultivated. Production in 


coarse 


1948 was about 2000 tons; in 1949, it 
rose to 3000 tons (76). 
Paraguay. In 1938 the area under 


jute was about 1500 acres, and the qual- 
ity produced was said to be very similar 
to that of Indian jute. During the post- 
war period jute cultivation appears to 
have been abandoned (93). 

Inpo-CHINA. Small quantities were 
grown during the war period, and there 
was a further fall in production during 
the post-war period, due mainly to the 
unsettled state of the country. Produc- 
tion in 1950 was about 440 tons; it rose 
to about 1000 tons in 1952 (76). 

Eecypr. C. olitorius is a common weed 
in cotton and maize fields of Egypt. It 
is also grown as a vegetable. Although 
known for a long time, it has never been 
grown for fibre. Kilany el (109) im- 
ported seeds of jute from India and iso- 
lated one variety (Giza green) from C. 
olitorius and two (Giza green and Giza 
red) from C. capsularis. Trials in differ- 
ent localities under varying soil and cli- 
matic conditions indicated that olitorius 
Giza green jute is the most suitable of 
the three types. In trials in 1932 with 


olitorius Giza green jute in different lo- 
calities, the yields varied from 84.75 
kilograms in alkaline lands to 940 kilo- 
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grams in fertile loam lands. In 1938, 
500 acres were under jute cultivation and 
the production was 400 tons. In 1939 
jute was produced on 1500 acres; in 
more recent years, cultivation of jute 
appears to have been abandoned in 
Egypt (109). 
Russia. The first 


attempt to intro- 


duce the cultivation of jute into Russia 
The early attempts were 


was in 1873. 


since received considerable importance 
in the irrigated lands of Uzbeck, Turk- 
men and Tadjik in Central Asia. 

fesults obtained from a whole net- 
work of testing grounds during the years 
1940-50 show that irrigated cultivation 
of jute is possible in all regions of the 
Southeast, from Moldavia to the prov- 
ince of Stalingrad. In these regions irri- 
gated jute on good land yields 80 to 210 


Fig. 21. 


not successful, although some good re- 
sults were obtained in Odessa, Crimea, 
Transcaucasia and Central Asia. The 
efforts were subsequently discontinued, 
and until recently it was believed that 
jute could not be grown in the climate 
of Russia. 
experiments have been conducted since 
1947, nevertheless, and new strains (0420, 
0655 and others) have been evolved to 
meet the requirements of Soviet industry 
and agriculture. Cultivation of jute has 


Systematic agro-biological 


Extracting fibre from retted stalks, two or three at a time. 


quintals (quintal = 100 kilos or 220.24 
lb.) of stalks to the hectare, and six to 
12 quintals of industrial fibre {114, 175). 

BraziL. Attempts to grow Indian jute 
in Brazil began in 1902, when the first 
consignment of seeds was imported by 
the Secretary to the Department of Agri- 
culture, Sao Paulo. Since the successful 
experiments conducted with these seeds, 
other seed has been imported by the 
various States and private organisations, 
and it has been said that yields in some 
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of the experiments surpassed those ob- 
tained in India. Till about 1929, expan- 
sion of jute cultivation suffered from the 
general boom in the price of Brazilian 
coffee which could never be matched by 
any other crop. From 1929 to 1934, 
however, repeated attempts were made 
by Japanese settlers in acclimatising jute 
to Brazil, and in 1934 Mr. Ryota Oyama 
selected an unusually tall and vigorous 
plant on his plantation. Seeds collected 
from this plant were multiplied, and it 
was noticed that the plants had a longer 
period of growth—120 days as compared 
to 60 or 70 days of the others—and had 
thicker bark. Seed of this plant was 
distributed, and cultivation expanded. 
In 1937 the fibre from this variety, 
“ Juta Braziliera ”, also called “ Oyama 
jute’, amounted to ten tons. Cultiva- 
tion was concentrated among the Japa- 
nese settlers inhabiting the banks of the 
Amazon. The output in 1938 rose to 60 
tons. Cultivation was further extended, 
and in 1946, 8837 tons of fibre were pro- 
duced; this was increased to 35,000 tons 
in 1952. 

Besides Oyama jute, four other varie- 
ties were tried. Excepting “ Juta ver- 
mille’ which also matures in about 120 
days, other varieties were early types of 
poor growth. All the types tried out 
were of C. capsularis. 

The seed rate in Brazil is about three 
kilos per hectare, i.e., 2.67 lb. per acre. 
This low seed rate is employed as the 
cost of seed is very high in Brazil. Forty 
percent of seed is mixed with sixty per- 
cent of sawdust or lime sand to facilitate 
sowing. Semi-mechanical sowing has 
also been tried. 

The plants attain a height of about 
four meters and are harvested after 
flowering. The yield of dry fibre varies 
from 0.8 to two tons per hectare, with an 
average of 1.4 tons, which compares 
favourably with the yields of India and 
Pakistan. 

Although the jute produced by the 
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Japanese settlers in the initial stages was 
better than Indian jute, at present the 
quality of Brazilian jute is said to be 
similar to the medium types of Indian 
jute. 

No serious pests or diseases of jute 
have been reported from Brazil (75, 
239). 

ARGENTINA. During World War II, 
jute was grown on a commercial scale in 
the territory of Missiones, and favour- 
able conditions for cultivation were re- 
ported in other areas of Argentina. The 
cost of cultivation was very heavy, and 
after the war it was cheaper to use jute 
imported from India. Brazil was the 
largest supplier of raw jute before 1944, 
but since 1945, almost the entire quan- 
tity is imported from India (63). 

ELSEWHERE. Cultivation of jute in 
Sudan, Turkey, Java and Mexico has 
not proved successful so far, due to lack 
of proper training in cultivation prac- 
tices and to adverse climatic conditions. 

Definite information about the extent 
of jute acreage and output in most of the 
countries outside India and Pakistan is 
not available. 


UTILIZATION 
Fibre 


ANCIENT USE AND THE HANDLOOM 
INDUSTRY 


It is not known precisely when the 
value of jute as a source of usable fibre 
was first appreciated, but it is safe to 
presume that in India such knowledge 
dates from ancient times. In Bengali 
literature, Kavikankan Chandi by Mu- 
kundaram Chakravarty, the date of 
which has been ascertained by various 
critics to be about 1575 A.v., contains ¢ 
reference to bags made of jute, and in 
the Ain-i-Akbari of 1590 (English trans- 
lation by Jarret, Vol. 2, p. 123) there is 
mention of sack cloth (tat) which Jarret 
identifies with jute from the district of 
Rangpur. In some other Bengali poeti- 
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“al works of the XVI and XVII Cen- 
turies, sack cloth made of jute is referred 
to as an article of trade. 

Although Corchorus, as accepted by 
modern botanists, is definitely to be 
identified with what has been known as 
“melochia” since the XVI Century, 
considerable uncertainty prevails about 
the identity of the melochine cloth of 
Greek and Latin authors. That cloth 
was said to have been procured from lo- 


Fic, 22. 


calities identified as Ujjain and Junnar 
in India, which are not jute-producing 
areas. On the basis of present day dis- 
tribution of fibre plants in India, it may 


be guessed that the cloth from the 
former region was made of Hibiscus 


cannabinus and that from the latter of 
Crotalaria juncea (247). In other words, 
jute had nothing to do with melochine 
cloth. 

Spinning and weaving of jute for the 
manufacture of different types of coarse 
cloth for the poorer classes of India, and 


223 


for cordage and sacking for domestic 
purposes, have been practised in Bengal 
since the XVI Century or even before. 
A class of people, called “ kapalees ”, 
specialized in the manufacture of these 
products by handlooms. Yarns or twines 
from jute fibre were made by peasants 
and even by low middle class people, 
both men and women. 

Yarns were spun by three simple im- 
plements—dhera, takur and ghurghura. 


Drying of extracted fibre 


A bunch of loose jute hung in every 
house, and anyone who came in used to 
spin some yarn out of it. Yarns made 
by the first method were used for mak- 
ing a kind of very coarse cloth called 
‘choli” which was converted into bags 
or gunnies, and for “ gun”’, or sail, for 
country boats. Choli was used also for 
bedding. The word “ gunny ” is derived 
from “ gun”, a sail. Yarns made by the 
second method were usually very fine 
and were used for making sackcloth or 
tat, worn by the poorer class of people. 
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The coarse yarns prepared by the third 
method served for making ropes (194, 
244). 

With the import of cheap European 
piece-goods, the handloom production of 
jute cloth gradually dwindled, but that 
of gunnies expanded enormously with 
the increasing demand for them by the 
British merchants for the supply of 
grains from India, Burma, China, Egypt 
and Australia. Large quantities of gunny 
bags required for the grain trade of the 
British merchants were obtained from 
the Bengal peasants. The high prices 


received for the gunny bags gave suffi- 
cient incentive to the peasants to expand 
their industry in gunny bags as also the 


cultivation of jute. Prior to 1857, ex- 
ports of jute manufactures from India 
represented only handloom fabrics, 
mainly gunnies (jute bags). 1,013,277 
pieces: of gunny cloths and bags were 
exported in 1828; in the following year, 
due to increased demand, the figure rose 
to 9,006,415. In 1850 the total exports 
amounted to 9,035,713 pieces of gunny 
and cloth valued at Rs. 2,159,782/- 
(244). 

By 1854 the jute industry in Dundee, 
Scotland, as will later be noted, 
firmly established, and gunny cloth for 
making bags was manufactured there by 

In 1855, jute 
near Calcutta, 
India. As a result, production of gunnies 


was 


power-driven machinery. 
mills were established 
by the native handloom industry gradu- 
ally declined, and in 1880, 25 years after 
the establishment of the first jute mill in 
India, the value of the export of the 
products of the handloom industry in 
jute accounted for only Rs. 269,533/-. 
During the second half of the XIX Cen- 
tury the handloom industry continued to 
decline and was ultimately ruined. It 
now exists in a moribund condition as a 
sparetime occupation of the peasants 
only in a few districts of West Bengal, 
East Pakistan and Orissa. 
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MopeERN INDUSTRIAL USE 


Jute fibre was first sent to England in 
the last decade of the XVIII Century, 
but spinning of it by machinery was not 
attempted until 1820, when an effort 
was made in Dundee to process it in a 
flax mill. The result was very unfavour- 
able. In 1832 another Dundee manufac- 
turer experimented and met with some 
degree of success. As a result, 300 tons 
of raw jute were sent to the United 
Kingdom the next year, whereas only 
small consignments had arrived there 
annually in the previous 40 years. In 
1838 the manufacturers succeeded in 
perfecting a technique of spinning the 
fibre into yarn, and produced commer- 
cially acceptable jute goods by modi- 
fying their power machinery (244). By 
1850 the import figure from India to 
Dundee amounted to 28,000 tons; ten 
years later, prompted by the cutting off 
of hemp and flax supplies from Russia 
as a result of the Crimean war in 1853, 
the figure rose to 40,000 tons. 

Regular supplies of low priced cotton 
from the U.S.A. were interrupted during 
the American Civil War from 1861-65, 
and the use of jute received further en- 
couragement. The replacement of sail 
by steamships from about 1870 resulted 
in further decline of the linen trade in 
Dundee. With the increased use of jute 
goods and the adaptation of linen ma- 
chinery for jute spinning, the manufac- 
ture of jute soon became the most im- 
portant industry of the city. As a result, 
export of raw jute from India, which 
was only about 18 tons in 1828, rose to 
517,445 tons in 1882 and to 897,900 tons 
in 1928. The present combined export 
figure of raw jute from Pakistan and 
India is less. 

In India the first jute spinning mill 
was set up in 1855 at Rishra, about 13 
miles from Caleutta, by Mr. Acland, a 
coffee planter from Ceylon. Four years 
later, in 1859, a power-driven weaving 
factory with 192 looms was started at 
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Baranagar, about seven miles north of 
Calcutta on the river Hooghly. Later, 
other mills were started. Until 1919 all 
the mills, except one at Sirajganj) (now 
in East Pakistan, destroyed by earth- 
quake in 1897), had been located at short 
distances from Calcutta. Some mills 
were, however, established later at other 
places. The distribution of them and 
loomage in India at present (187) is 
given in Table VIII. 

India proper has long been the princi- 
pal seat of the jute industry, but since 
the partition of Bengal into West Ben- 
gal (India) and East Bengal (Pakistan) 
in 1947, Pakistan has set up some mills; 
the loomage there is reported to be 3000, 
and it is proposed to have 6000 looms by 
1957 (148). 

The first mill in the U.S.A. was estab- 
lished at Ludlow, Massachusetts, in 1848 
by adapting the linen machinery in a 
mill. Several mills were later set up in 
some of the cotton-growing States. In 
1947, 35 mills were engaged in the manu- 


facture of jute goods, and the present 


loomage in the U.S.A. is 2750 (148). 

The first jute mill in France was 
established at Dunkirk in 1857. A few 
were later started in other parts of the 
country. The number of looms in the 
mills gradually increased, and since 1948 
the loomage has been 10,500 (148). 

In Germany the Vechelde Tow Spin- 
ning Mill was converted to a jute spin- 
ning mill in 1861. Another mill was in 
operation in 1874, and by 1876 several 


TABLE VIII 


Number of Jute Mills and of Looms 
in India in 1953 


State Mills Looms 
West Bengal (Calcutta 
and suburbs) 65,570 
1,042 
1,000 
805 
220 
68,637 
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more were started. By 1879 the jute 
industry was firmly established in Ger- 
many. In 1939 the loomage was 9,600, 
distributed in the zones set up after 
World War II as follows: British zone- 
6,450; Russian zone—1,820; American 
zone—1,330. The French zone has only 
one small spinning mill which depends 
for its supplies of yarn on the British 
zone. 

Jute industry was also started in other 
European countries—Italy, Austria, Bel- 
gium, Czechoslovakia, Poland, Spain, 
Russia—South America, China, Japan 
and also in some Far Eastern countries. 
There are 27 jute mills in Brazil today 
and another is under construction. Chile 
has only three mills. The total number 
of looms used for jute manufacture in 
different countries (94) is given in Table 
IX. There are two or three mills in 
Belgian Congo, one in Egypt, one in 
Thailand and one in the Philippines. 
Their loomage figures are not available. 

WoriLp Consumption. Total world 
consumption of jute fibre during the past 
quarter century has fluctuated from a 
high of 12,610,000 bales of 400 pounds 
each in the pre-war year of 1936-1937, 
down to a low of 7,710,000 bales during 
the war in 1943-1944 and up to 10,- 
200,000 bales in 1950-1951. Of this total, 
undivided India formerly (before August, 
1947) produced about 99 percent, a sub- 
stantial portion of which was exported 
as raw jute, principally to the United 
Kingdom, France, Italy, Belgium and 
Argentina. 

Indian mills require about six million 
bales annually, and the quantity now 
produced in India is insufficient to meet 
this need. The maximum import, 4.38 
million bales, was from Pakistan in 
1948-1949, but with subsequent increased 
production in India, such imports de- 
creased to 1.32 million bales in 1952 
1953. 

MANUFACTURED PRODUCTS. 
is used principally in 


Jute fibre 
manufacturing 


TABLE IX 


Distribution of Jute Looms in the 
World in 1952 


Percentage 


Country oa of of world’s 
ooms 
total 
SNE Peete ee ae 68,637 (A) 56.0 
Great Britain ..... 11,151 9.1 
a A A 7,698 63 
PP rt 6,349 (B) 52 
Serre 4,987 4.1 
OE SS are 4,807 39 
Ns kin was nowt 4,631 38 
. | % See oo 2.750 22 
Czechoslovakia 2,000 16 
CREE ons s sodendn 1,600 13 
i. eae 1315 1.1 
eee 1,000 (C) 08 
*South America (ex- 
cluding Brazil) 1,000 08 
_ nea 800 0.7 
Se ee 756 06 
RE ee 735 06 
Ae 615 0.5 
*Yugoslavia ...... 400 } 
Sweden ........ ; 362 | 
ee 230 
Norway ....... re 199 
SG aren 177 } 1759 14 
a pe ce FS ee 142 | 
French Morocco 120 | 
*Bulgaria ....... 100 | 
rat 29 J 
POE ia visces 122,590 100.0 


* Figures relate to the year 1939. 

(A) Excludes special looms and corrected up 
to December, 1952. 

(B) Estimated. 

(C) 3000 looms are expected to be function- 
ing from early 1953 
coarse fabrics like “ hessians” (burlap 
in U.S.A.), “sackings” and “ canvas ” 
and twines. Hessian is a light plain 
woven fabric of good quality white jute, 
weighing seven to 12 ounces per yard 
and usually of 40 inches width. It is 
used for various purposes, particularly 
for packaging, such as meat wrappers, 
linoleum and floor-cloth backing, cable 
wrapping and lining for clothing. 

Sacking is a loosely woven 
cloth, either plain or twill, of 
grades of fibre. Bags of various sizes 
made from sackings are used for storing 
or transport of grains, sugar, fertilisers, 


heavy 
lower 
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cement and for other agricultural and 
commercial products as also for baling 
cotton. For these purposes one inter- 
esting advantage which jute has over 
most of its competitors is the satisfac- 
tory way in which small holes produced 
by handling with sharp hooks or by in- 
serting a spike or other tool for the pur- 
pose of sampling the contents, automati- 
sally seal themselves. Mesta, roselle, 
sunn-hemp, cotton, flax, sisal and caroa 
fibres are said to be inferior in this re- 
spect. Although jute goods are not so 
strong and durable as those of cotton 
and flax, jute bags can be used over and 
over again. Exact information as to the 
proportion of second-hand bags in use in 
any country is not available. A survey 
made in the U.S.A. during the war indi- 
cated that approximately 40 percent of 
the bags in use at any time are normally 
second-hand (177). The use of second- 
hand bags in India is probably even 
greater. 

Canvas is a closely woven cloth of fine 
texture, made of fibre of high quality. 
Jute canvas is used extensively for a 
variety of purposes. 

In addition to these coarse fabrics, 
rugs, carpets, blankets, roofing fabrics, 
union fabrics by blending jute with cot- 
ton, flax, wool and even silk are also 
manufactured from jute. Jute wastes 
are used as fillers for plastics; also for 
the manufacture of artificial wool, known 
as “ Linitin” and “ Kosmos fibre” in 
Germany, Italy and Yugoslavia. In 
manufacturing artificial wool, waste jute 
or cuttings are treated with a strong 
solution of caustic soda. This “ wool” 
can be mixed with animal wool for the 
manufacture of cheap woollen goods. 
Jute has also been adapted for the prepa- 
ration of cheap piling fabrics in up- 


holstery. During the war jute was 
adapted for several new purposes. 
The shortness of the ultimate fibre 


cells and the consequent poor resistance 
to weathering and poor wet strength of 
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the bleached fibre are always likely to 
restrict the uses of jute. Nevertheless, 
suitable proofing can go far towards 
mitigation of the former defect, and 
modern bleaching processes are likely to 
overcome the latter. The possibility of 


adding artificial cementing agents to re- 
place the natural cement removed in 
bleaching is being explored. 


Fic. 23. 


phomina phase olt, 


Stem-rot of jute caused by Macro- 


Food 


The tender shoots of both species of 
jute, but particularly of C. olitorius, have 
been used as a vegetable or pot-herb in 
Syria, India, Egypt and other places since 
very early times. The Hebrew “ Mallu- 
ach”, alluded to in Job, Chap. XXX, 
Verse 4, 1520 B.c., as “the food of the 
wretched ” and translated into English 
as “ mallows ”, probably referred to C. 
olitorius which is known to have been 
cultivated as a pot-herb near Aleppo 
and in Egypt for centuries (110, 194, 
247). The early references to the jute 
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plant down to the middle of the XVIII 
Century may be said to be very largely 
concerned with identifying the pot-herb 
which Pliny (79 A.p.) deseribed as being 
used by the Egyptians. The Arabs call 
it “‘ Melochia ”. Simon Januensis (1473 
A.pD.) spoke of the leaves of Melochia as 
being hawked in the streets of Babylon. 
Rauwolf (1583 a.p.) was apparently the 


Fic. 24. 
tium rolfsit. 


Soft-rot of jute caused by Sclero- 


first traveller who critically examined 
the Melochia cultivated on the banks of 
the Euphrates, which, he says, was 
largely eaten by the Jews near Aleppo. 
Camerarius was perhaps the first bota- 
nist who figured it, and his engraving is 
an excellent representation of one of the 
African forms identical with or closely 
allied to C. olitorius (247). Rumphius, 
the workers on Indian 
provided an instructive account 
and a figure of C. capsularis in 1743 
(195). He called it “Ganja sativa”, 
mentioning that it was much cultivated 


one of earliest 


plants, 
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in Bengal, Arakan and South China, and 
was the principal pot-herb in Bengal. 

Today the leaves of both species are 
extensively employed as a_ vegetable, 
and in some regions olitorius is grown 
mainly as a pot-herb. 


Medicine 


The dried leaves serve as a household 
remedy for certain diseases. Kerr (111) 
states that “ Tikta nalita” (C. capsu- 
laris), according to the Rajaballabha, a 
medical treatise, is a specific against red 
eruptions, worms and leprosy, and that 
the “madhura” (C. cures 
cold, paralysis, phlegm and wind; both 
of them are esteemed as good tonies. 
Chakradatta, an authority on Indian 
medicine of early days, is of the same 
opinion. Leaves of C. capsularis contain 
a sterol; those of C. certain 
active principles which have a stimu- 
lating action on frog’s heart (108, 115, 
215, 216). 


Sen and his 


olitorius) 


olitorius 


co-workers (213, 216) 


have isolated several physiologically ac- 
tive compounds from jute seeds, among 


which are corchorin, corchogenin and 
corchoritin. The observations of Chau- 
dhuri and Dutt (30) with regard to cor- 
chorin are similar. Soliman and Saleh 
(237) found a compound similar to stro- 
phanthidin in the seeds of C. olitorius 
grown in Egypt. Khalique and Ahmed 
(112) obtained a new bitter principle, 
corchsularin, from the seeds of C. capsu- 
Another substance, corchotixin, is 
claimed to have similar action on the 
heart as the digitalis group of genins 


(108). 


laris. 


Fuel and Paper 
Woody stalks of jute stems, after ex- 
traction of fibre, are usually used as fuel 
or for temporary fencing purposes. They 
Fig. 25 (Upper left). 


Fic. (Upper right). 
Fic. 27 (Lower) 


are not valued much as fuel since they 
very soft and burn quickly. They 
are also used in the manufacture of a 
kind of thick paper board. On account 
of the very short ultimate fibre elements, 
jute sticks are unsuitable for the manu- 
facture of good quality paper, except in 
combination with bamboo or other staple 
pulps. 


are 


Oil 

Jute seed is rich in oil, 14.7 percent, 
extractable by petroleum ether (210). 
It can be used in the manufacture of 
soap and can also be converted into an 
edible oil. The oil from C. olitorius can 
be separated into non-drying and drying 
portions, the latter of which can be used 
in paints and varnishes (214). 


SUMMARY 


1. Next to cotton, jute is the most im- 
portant textile fibre and is the cheapest 
of all packaging materials. About two 
million tons of the fibre are produced 
annually, principally in northeastern 
India and East Pakistan. Raw jute and 
jute manufactures are two of the main 
items of export from India and Pakistan. 

2. As an article of economic impor- 
tance, jute was practically unknown till 
the latter part of the XVIII Century, 
though the fibre-yielding property of C. 
capsularis was known in the XVI Cen- 
tury or earlier. Jute as a pot herb was 
known during the biblical period. The 
word “jute” appears to have arisen 
from the Oriya word “ jhut ”’. 

3. The genus Corchorus, consisting of 
about 40 species, is distributed through- 
out the tropics. However, only two of the 
species, C. white ” 
and C. olitorius yielding “tossa’”’ jute 
cultivated for fibre. 
The centre of origin of C. capsularis is 


capsularis, yielding “ 


of commerce, are 


Damage to jute plant by semilooper. 
Wilt of jute (C. olitorius) caused by Nupherea bicolo 
Symptoms of attack by jute-mite 
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considered to be the Indo-Burma region, 
and C. olitorius, with a wider range of 
distribution, seems to have had its pri- 
mary centre of origin in Africa, though 
a secondary centre is the Indo-Burma 
region. 

4. Among the most important diag- 
nostic features between C. capsularis and 
C. olitorius are the fruit and seed char- 
acters. C. capsularis has globose fruits 
and chocolate-brown seeds; C. olitorius 
has cylindrical fruits, and its seeds range 
in colour from bluish-green to black. 
The percentage of natural crossing be- 
tween varieties of C. capsularis is two to 
five; between those of C. olitorius it is 
about 13. About 50 races of C. capsu- 
laris have been isolated; only eight of 
C. olitorius. 

5. The basal thickness of the plants 
and their height are strongly correlated 
with fibre yield, the coefficients of corre- 
lation being 0.761 and 0.914, respectively. 
The plants are normally harvested long 
before the seeds mature, and both seeds 
and fibre of good quality cannot be ob- 
tained from the same plant. Late-ma- 
turing types generally yield higher, 
though often the quality of fibre from 
such types is not very good. 

6. Two high-yielding strains, D154 
(C. capsularis) and C.G. (C. olitorius), 
have been developed by B.D.A. and dis- 
tributed. J.A.R.I. has evolved some 
strains of C. capsularis and C. olitorius 
superior to these. The improvement in 
C. capsularis is about 11 percent, but in 
C. olitorius it is up to 40 percent. 

7. The gene for pod-shape is linked 
with the gene for anthocyanin pigmenta- 
tion, with eight percent crossing-over; 
and the gene for bitter taste is linked 
with the gene for branching habit, with 
22.2 percent crossing-over. 

8. The haploid chromosome number of 
both species is seven. Meiotic lability is 
considered to be characteristic of the 
genus as a whole. It has not been possi- 
ble to cross the two species by any known 
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method either in the diploid or in tetra- 
ploid state. A hybrid combining the 
characters of both species would give 
much scope for improvement in both 
yield and quality. Studies so far show 
that the interspecific incompatibility is 
attributable to retarded growth of the 
pollen tube in the stylar tissue. 

9. Jute fibre is extracted from the 
outer portion of the stem cortex. A cross- 
section of the stem reveals the fibres in 
wedge-shaped groups alternating with 
patches of sclerenchyma fibres and soft 
tissue. The outermost layer of fibres is 
developed from the protophloem; all the 
inner layers which constitute the bulk of 
the fibre are produced by cambial ac- 
tivity. The wedges consist of fibre 
bundles arranged in rows, and the num- 
ber of ultimate fibres in a bundle is gen- 
erally lower in C. capsularis than in C. 
olitorius. In surface view, the fibre 
bundles which form the strands are 
arranged in a network; the degree of 
meshiness increases from outside to the 
interior, from the top of the plant to the 
base, and is more in C. capsularis. The 
ultimate fibres vary from 500 to 6500 » 
in length and 10 to 30 » in breadth. The 
lumen shows characteristic constrictions 
at irregular intervals. 

The wood elements in C. capsularis 
are the less thickened, and vessels usu- 
ally oceur singly. In C. olitorius the 
vessels occur in groups of two or three 
and are more thickened; hence the 
greater difficulty in harvesting olitorius. 
The pith in C. olitorius collapses early. 

10. Both species are typical short-day 
plants; C. olitorius is the more respon- 
sive to short light periods. Sowing has 
to be so adjusted that sufficient vegeta- 
tive period is available before the short 
days of September. Sowing of C. capsu- 
laris between March 16 and May 1 and 
of C. olitorius between April 15 and May 
16 give higher yields than other sowings. 
Cultivation of jute in winter has not 
been successful. 
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Vernalization causes slight earliness of 
flowering. Capsularis is more drought- 
resistant, and drought resistance can be 
induced by alternate soaking and drying 
of seeds before sowing. 

More fibre is produced in the early 
stages and more wood in the later stages 
of growth. 

Seeds of both species cannot tolerate 
more than one percent solution of sodium 
chloride. In soil with three to four per- 


Fig. 28. 


cent salt content, the plants are unable 
to survive. 

From capsularis, seed of highest germi- 
nation percentage is obtained, even when 
it is harvested before the pods are dead- 
ripe, but in olitorius the quality of seed 
suffers from premature harvests. 

11. Though jute can be grown on 
nearly all types of soils, generally of 
alluvial origin and varying in texture 
from clay to sandy loam, it thrives best 
on inundated lands of good depth near 
river banks. Laterite and gravelly lands 
are not favourable. Capsularis can grow 
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on high, medium or low lands, but oli- 
torius prefers high or medium lands. 

12. Damp heat and a rainfall of about 
60 inches, of which about ten inches 
falls between March and May, and 
alternate periods of sunshine and rain- 
fall for the rest of the growth period, are 
most favourable for good crops of jute. 
Water-logging in the early stages is un- 
favourable. 

13. Before sowing, the land is thor- 


Assortment of fibre in a secondary market. 


oughly pulverised by ploughing and 
laddering five or six times. Nitrogenous 
manures and fertilisers have the highest 
influence on the vegetative growth. Town 
compost and ammonium sulphate are the 
sources of nitrogen. Potash and 
phosphate do not directly increase the 
yield, though potash checks diseases and 
phosphates prevent lodging. In acidic 
soils, addition of calcium increases yield. 

14. Seeds are sown broadcast at the 
rate of ten pounds for capsularis, six 
This high 
seed rate is necessary for several reasons. 


best 


pounds for olitortus, per acre. 
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15. Intercultural operations require 45 
to 60 men per acre and account for 40 to 
50 percent of the cost of production. 
Sowing jute in lines by drill and inter- 
culture by hand reduce the seed 
rate by about half, cut down the cost of 
intereulture to less than half, and in- 
crease the yield by about 30 percent in 
(. capsularis and 16 percent in C. oli- 
torus. A spacing of 12 inches between 
and two to three 


hoes 


inches between 
plants in the lines has given higher yields 
in line sowing. 


rows 


16. Where sowing is early, capsularis 
jute can be followed by a crop of trans- 
planted paddy, and even by pulses as a 
third crop. High lands, usually cropped 


with olitorius, can be double cropped 


with potato or pulses. A minimum period 
of 90 days growth for jute, and for 
paddy transplantation before the middle 
of August under Indian conditions, are 
essential ‘for economic yields of both 
crops. 

17. The ideal stage of harvest is when 
the plants are in small pods, though 
longer periods of growth give higher 
yields and earlier harvests give better 
quality of fibre. 

18. Harvested plants are either steeped 
immediately or are allowed to stand in 
the field two to four days for the leaves 
to fall. The plants are tied into bundles 
and steeped in water for retting. During 
retting, the fibres in the bark loosen and 
separate from the woody stalk by the 
action of microorganisms. Retting takes 
shorter time during the hotter months 
than during the After 
the bark is retted, the fibre is stripped 
from the woody core by hand-labour 
and washed and dried. Decortication by 
machinery, though successful on a small 


cooler months. 


scale, has not been tried on a large scale. 
19. The fibre content of the plant 
ranges between 4.5 and 7.5 percent of the 
green weight. The average yield is 13 
to 14 maunds per acre in India and 
about 16 maunds in East Pakistan. 
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20. A number of fungi attack jute at 
various stages of growth. Macropho- 
mina phaseoli (Maubl.) Ashby is the 
most serious of all, causing seedling- 
blight, stem-rot, collar-rot and root-rot 
at different stages of growth. Serious 
diseases are also caused by Sclerotium 
rolfsii Sace. (soft-rot), Diplodia corchori 
Syd. (blackband disease) , Colletotrichum 
sp. (anthracnose). Various other fungi 
minor diseases. Besides fungi, 
nematodes are also responsible for caus- 
ing diseases. 

21. A large number of pests attack 
jute from the seedling stage onwards. 
The most widespread are Anomis sabu- 
lifera Guen (jute semilooper), Apion 
corchorit Marsh. (jute apion), white and 
red mites, Diacrisia obliqua Wbk. (hairy 
caterpillar), Laphygma exigua (indigo 
caterpillar), all of which attack both C. 
capsularis and C. olitorius. Nupserha 
bicolor Thoms. ssp. postbrunnea (ring 
pest) is an important pest which is 
known to attack only C. olitorius. 

22. Only high and mid lands where 
there is no rainfall during October/No- 
vember are suitable for seed production. 
Yield of seed is usually four to five 
maunds in C. capsularis, two and one- 
half to three maunds in C. 
Well dried and properly stored seeds re- 
tain their viability after four years, and 
the yield of fibre from plants raised from 
such seeds is the same as from a crop 
raised from fresh seeds. 

23. Depending on the conditions ob- 
taining in the different States, the cost 
of production ranges from Rs 15 to Rs 
26 per maund of fibre. Human labour 
accounts for nearly four-fifths of the 
operational cost, cattle labour for one- 
tenth, seed and manures for the rest. 
About 75 man-days are required per 
acre. The cost of cultivation can be ap- 
preciably reduced by row cropping. 

24. The main constituents of jute fibre 
are cellulose, hemicellulose and lignin; 
there are traces of waxes and of nitroge- 


cause 


olitorius. 
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nous, colouring and mineral matters. 
Capsularis and olitorius fibres are simi- 
lar in composition except for the nitro- 
gen and fat and wax content which is 
usually higher in capsularis. The qual- 
ity of fibre is negatively correlated with 
the content of these, the correlation coeffi- 
cient of spinning quality with nitrogen 
being — 0.8756 and that with fat and wax 
being —0.7744. Jute fibre is slightly 
acidic and reducing in nature, due to 
the hemicelluloses which contain uronic 
acids. It is highly susceptible to attack 
by microbes, especially when left in 
warm damp places. 

25. The quality of fibre is assessed on 
the basis of length, strength, colour, 
lustre, percentage of cuttings, proportion 
of faults and defects, and general quali- 
ties as fineness, stiffness and hardness. 
Strength is the most important criterion. 
Quality ratio, which is a measure of 
strength, is estimated from the breaking 
load of unit length of yarn. 

The single-most important factor on 
which quality depends is retting. In 
areas where clear and abundant retting 
water is available, quality is better. 
Factors responsible for quality fall under 
non-controllable factors, like soil, cli- 
mate and the amount and quality of 
retting water, and controllable factors 
like variety, methods of cultivation, ret- 
ting and extraction and stage of harvest. 
Muddy water containing iron imparts 
shyamla colour to olitorius jute. 

26. On the basis of the region of ori- 
gin, the variety and the characteristics 
of the fibre, loose jute is classified into 
various commercial classes in the local 
markets. 

In the baling centres, raw jute is 
graded for the purpose of kutcha baling 
mainly on the basis of colour and the 
proportion of cuttings and other faults 
into Top, Middle, Bottom and Cross. 
The present system of grading, however, 
benefits mainly the buyer by unilaterally 
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guaranteeing him the spinnability of the 
fibre and the proportion of cuttings. 

Before pucca baling the cuttings 
(roots) are removed and different stand- 
ards apply for grading such fibres. Pucca 
bales are mainly meant for export. 

A kutcha bale varies from one to four 
maunds in weight and 5.8 to 12.5 cubic 
feet in size. Pucca bales weigh 400 
pounds and are 9.4 cubic feet in size. 
The balers are required to register their 
“marks ” for each grade of pucca bale 
and ensure the quality. “ Cuttings ” are 
also graded to some extent. 

27. Almost all the world’s supply of 
jute is grown in North East India and 
East Pakistan. Small quantities are 
cultivated in Brazil, Nepal, Formosa, 
China, Russia, Japan, Indochina, Para- 
guay, Siam, Egypt and Argentina. Defi- 
nite informations on the extent of culti- 
vation in most of these countries is 
lacking. 

The estimated world acreage of jute 
increased from about 3,039,000 acres 
during the period 1932-37 to about 
3,881,000 acres in 1952-53. The esti- 
mated production during the same period 
rose from 1,524,000 tons to 2,126,000 
tons. 

28. The popularity of jute is attribut- 
able to its cheapness, and jute fibre is 
mainly used in the manufacture of 
coarse fabrics like sacking, bags, hessian 
and canvas, and also twines. It can also 
be used in the manufacture of upholstery, 
rugs, carpets, roofing fabrics and union 
fabrics, and jute wastes are utilised as 
fillers for plastics, ete. 

Jute leaves have medicinal properties, 
and the oil from seeds may have indus- 
trial uses and is both medicinal and edible. 

29. In 1832, flax-spinning machinery 
was adapted for jute, and since then the 
jute industry has steadily grown. The 
first jute mill in India was set up in 
1855; in 1952-53 there were 112 mills 
with a total loomage of 68,637 in pro- 
duction. This constitutes almost 56 per- 
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cent of the total world loomage which 


numbers 


122,590. Most of the Indian 


mills are situated about Caleutta near 
the river Ganges. 
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Kava—Polynesian Beverage Shrub 


The potent alkaloidal content of this plant has long 
made it an important intoxicating ceremonial plant of 
the Pacific islands and accounts for the minor commer- 
cial significance attached to it today. 


RONALD GATTY 


Department of Agricultural Economics, Cornell University, Ithaca, N.Y. 


Introduction 

Piper methysticum is definitely one of 
the more important economic plants of 
Polynesia. Under the names “ kava”, 
“ava”, “ awa’, “ yanggona ” and “ hoi ” 
this shrub finds wide use because of its 
mild nareotiec properties. Primarily it 
serves as a ceremonial and social drink 
but is also widely recognized by natives 
for its application in medicine as a diu- 
retic and soporific, and, especially in 
former times, as an aid for relaxing into 
hypnosis. 

This article tries to draw together 
some of the rather diffuse literature on 
the plant. In some ways this is not an 
easy task. 
not botanists, who have written most on 
this subject, primarily because it occu- 
pies quite an important place in Polyne- 
sian culture. As can be seen from the 
bibliography, historians travelling in the 
Pacific in the last century have contrib- 
uted much to our knowledge of early cul- 
tivation and uses of Piper methysticum, 
but their mention of it is often brief and 
in many cases published in old periodicals 
or books which are not readily available. 

Although this article does not take up 
ethnological considerations, it should be 
realized that such matters are important 
in studying the use of any plant in 
“ primitive ” society. This article dwells 
specifically on planting and cultivation, 
on varieties distinguished by the 
Polynesians, and on what information it 


as 


It has been anthropologists, 
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has been possible to gather regarding 
the marketing of kava as a commercial 
product. 


Varieties and Distribution of Kava 

First, it might be well to have a de- 
scription of Piper methysticum. From 
Brown (1935) we read that this \ 
‘Shrub 2 + meters in height, the culti- 
vated varieties 4+ meters high; leaves 
orbicular-ovate, abruptly acuminate, 
deeply cordate at the base, from 13 em in 
length, 11 em wide, up to 20 em long and 
18 em wide in the Marquesan species, 
glabrous on both faces with the excep- 
tion of minutely puberulent veins; veins 
11-13, the three central ones reaching the 
apex; the petiole glabrous, 2.5 + em in 
length; spike opposite the leaves; flowers 
monosporangiate, dioecious, the male 
spikes much shorter than the leaves, the 
floral bracts rounded, subcrenate, pel- 
tately attached at the center, with a 
puberulent pedicel; stamens two, the 
anthers subglobose, shorter than the fila- 
ments ” 

This species is apparently indigenous 
further west than Fiji, undoubtedly car- 
ried east by early migrants in the Pa- 
cific. The wild source is not known, but 
the plant is now in New Guinea and 
many islands of Polynesia and Micro- 
nesia. Forster mentioned no type speci- 
men but wrote of localities in Tahiti, and 
the Tongan and Hawaiian Groups. The 
plant is in Fiji only as a result of culti- 
vation (Smith, A. C., 1943). 


is § 
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It is cultivated in the Marquesas 
(kava or ‘ava), in Tahiti (kava or hoi), 
Rarotonga (kava) (Brown, 1935), in 
Hawaii (Handy, 1940) and in the Fijian, 
Samoan and Tongan Groups. Kava used 
to be grown in Tubuai, but the mission- 
aries came in 1882 and forbade the drink. 
Now only a few plants are left there 
(Aitken, 1930). The Easter islanders do 
not cultivate kava, even though it is used 
in Mangareva and in the Marquesas, 
which compose the probable original 
home of these people. Perhaps the cli- 
mate of Easter Island is not favourable. 
This reason, however, cannot explain 
why kava is not cultivated on Rapa 
where the climate is favourable (Mé- 
traux, 1940). 

Safford (1905) wrote that the plant 
was not cultivated in Guam, and Guppy 
(1887) said that he saw no kava-drink- 
ing in the Solomon Islands. Guppy men- 
tions Rev. Lawes’ statement that the 
plant grows wild on the south coast of 
New Guinea, but with no reference as to 
whether it was used. 

Loeb (1926) mentions that not much 
is known of kava-drinking in Niue. It 
has evidently not become a common cus- 
tom. Family records describe its use by 
chiefs in faikava-atua (offering to gods), 
but only one legend has kava playing a 
prominent part. Before kava was intro- 
duced, coconut water was drunk cere- 
monially with a libation poured out for 
the gods, as is done with kava in Samoa. 

There are at least three references on 
the varieties of kava distinguished by 
the Polynesians in Hawaii and Mar- 
quesas and by the Poly-melanesians of 
Fiji. There are no doubt more descrip- 
tions of varieties in literature I have not 
yet found. Brown (1935) lists 21 vari- 
eties from the Marquesas, and includes 
short descriptions of some of them. It 
will perhaps suffice here to give a few 
notes on some of these: 

Kava papapapa: regarded as one of 

the best beverage varieties; about 
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two meters in height; internally the 
root is yellowish, outside it is rather 
green; the internodes are short, the 
leaf blades thin and large; the spikes 
quite long. 

Kava puou: used for kava; internodes 
comparatively long and tend to red- 
dish-brown. 

Kava veaoha: considered an excellent 
variety for making kava. 

‘Ava puou: an excellent variety for 
making kava; the root is quite 
tender, facilitating chewing; large 
variety, growing up to four meters; 
reddish-brown long internodes. 

‘ Ava putea: used for kava; internodes 
vary in length and are of a light 
colour. 

Kava putoake: informants state that 
this is the only variety which is used 
for medicine and for drink; it has a 
very powerful effect. 

Parham (1935) lists and describes five 
Fijian varieties, three white types and 
two black types: 

White varieties—Kasa 

Balavu and Qolobi. 

Black varieties—Kasa Leka and Kasa 
Balavu. 

The main distinguishing features are 
habit, length of internode and size of 
leaf sear. 


Leka, Kasa 


Kava in Myth and Legend 

Kava enters into many Polynesian 
myths and legends, a few relating to the 
plant’s origin. In Tonga there is a spe- 
cific story about the first apearance of 
kava: 

There lived a chief by the name of 
Loau, from Haamea, Tongatapu, and 
one day Loau sailed to the small island 
Euaiki to visit his attendant Fevanga. 
But this was a time of famine, and Fe- 
vanga was at a loss as to what to feed 
the visiting chief. There was a kape 
plant (Arum costatum) but it would not 
provide sufficient food. Finally Favanga 
and his wife Fefafa killed and cooked 
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their leprous daughter to be served with 
the kape—this was the only food they 
had for their chief. Loau recognized the 
human flesh at the meal and told the 
people not to eat it—it should be planted 
in the ground and brought to him when 


a 


Fic. 1. 


A kava-drinking ceremony on the island of Munia, Fiji. 
up, mixed with water, strained and then served from the large central bowl. 
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Now when Fevanga took the kava to 
Loau it became custom to take a relish, 
sugar cane, with the kava drink (Gif- 
ford, 1924). 

Tradition has it in Hawaii that kava 
was first brought in by Oilikukaheana 


The dried root is ground 
With one cup of a 


coconut half-shell, each guest is served in turn, in order of social standing and with a flourish 


of presentation that includes chanting and sometimes dancing 


must finish his drink in one gulp 


it matured into a plant. Fevanga did 
this and the body grew up into kava and 
sugar cane, each plant arising from a 
different part of the body. And when it 
matured he noticed that a rat chewed on 
the kava and became paralysed, and 
then ate some sugar cane and revived. 


Tradition dictates that each guest 


who sailed up from Tahiti (Kahiki). It 
was said to be first planted on the island 
of Kauai. Oilikukaheana brought it to 
the Hawaiian Islands for a fishing plant. 
When he landed at Kaui he met and 
married the beautiful Kamaile who from 
that time onwards looked after the 
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plants. After a while, however, she 
threw out the plants, and at a later date 
they were found by Moikeha who asked 
Oilikukaheana about the name of the 
plant, and he was told that the name was 
Pahoei. When the plants were large 
Moikeha gave some to Ewa, and she de- 
termined to find out whether the plant 
was useful. When Ewa tried the plant 
and became intoxicated, it received the 
name “ awa’’, and from then on it was 
called the “ awa of Kaumakaeha ” (For- 
nander, 1913-1920). 

These stories might be taken as repre- 
sentative; they give us some idea that 
kava is important enough to the Polyne- 
sians to take a place in the historical 
stories, legends and myths of the people. 


Planting and Cultivation 

Traditionally, in Fiji, kava bushes are 
very carefully tended in small gardens 
often kept near the home. Nursery beds 
are maintained to receive the kasa (sec- 
tions of mature stems bearing nodes) 
which are transplanted when they have 
grown up a few inches. 

In commercial production, however, it 
is common practice to place the kasa in 
little hills, covering them with dry grass 
or leaves and letting them grow without 
transplanting. Transplanting from nur- 
sery beds is carried out by only a few of 
the Indian planters. 

Concerning the requirements of the 
crop, it is important to note that rich soil 
and good drainage are rather necessary. 
The planting site might best be on new 
land, and a well drained hillside is often 
chosen. In Fiji the dark heavily vege- 
tated soils are usually excellent for bear- 
ing a good crop; the common red latiritic 
soils prove quite unsatisfactory. Land 
which has born a previous crop is not 
likely to bring high yields. In many 
cases kava has been planted on land 
which was previously set in bananas or a 
first crop of kava, but for satisfactory 
yields this should not be done without 
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leaving the land fallow for three years 
or more. 

After clearing of cover it is customary 
to plough or dig with forks and lay two 
or three sets of kava in each of the hills 
which are built up at six foot intervals. 
Persistent cultivation is needed until the 
plants are about three and a half years 
old; from that time they are left alone 
until harvested. Taro may be inter- 
planted the first year of kava growth for 
full utilization of the land and quick 
“ash return (Parham, 1935). 

E. 8. Craighill Handy (1940) gives us 
rather a good account * of the planting 
and cultivation of awa in Hawaii: “ Awa 
should be planted on large tracts of land 
in warm localities, beside streams, at the 
edge of woods, on slopes where kukae 
puaa grass flourishes or where the ama’u 
fern grows, or in rainy localities. Awa, 
wauke, and upland taro grow well in the 
same localities and under the same con- 
ditions ” 

‘“ Awa is planted much like sugar cane, 
by means of sections of the stalk, from 
whose joints grow the sprouts of ‘ eyes’ 
(maka). The planter carries to the place 
selected the stalks of the variety desired, 
and there cuts them into short sections, 
being careful not to break off the ‘ eyes ’. 
The sections later to be planted he lays 
in a trench filled with mud, leaving them 
to sprout there, while he clears his 
ground and leaves the grass and weeds on 
the soil to rot. When the segments in the 
trench have sprouted, he removes them 
and plants them in shallow trenches’ 

“ A new plantation would require from 
two to three years before its pu awa were 
large enough to use; but once a planta- 
tion was growing, its roots would continue 
to grow and send up new stalks. In other 
words, the awa plantation never required 
replanting...” 


Emerson (1903) wrote an interesting 


* Account 
tracts from 


based on Kamakau, 8. M., Ex- 
Kuokoa, weekly newspaper in 


Ms. 


Hawaiian (translated by T. G. Thrum). 
in the B. P. Bishop Museum, Honolulu. 
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couple of paragraphs on awa growing in 
Hawaii where he mentions the people in 
hills rather than trenches, and points out 
that the roots may increase greatly in 
size and improve in quality over a con- 
siderable number of years: “. . . In plant- 
ing it there is scant digging. Joints are 
set in the ground in somewhat the same 
manner as natives plant their hillocks of 
sugar-cane. After a time it is hilled, 
humus and leaves being used, and after 
this single hilling it is generally left to 
grow without further care. It will thus 
continue to grow on for an indefinite 
time, spreading its roots abroad, to be 
dug at the convenience of the consumer ”. 

“Tt is said that age does not impair 
the vitality or vitiate the quality of the 
root, but rather enhances its value. Roots 
thus left in the ground for twenty years 
or more will reach an enormous size, one 
root is sometimes large enough to be di- 
vided into loads for two or three men ”’. 

A. M. Hocart (1929), in his ethnolog- 
ical study of the Lau Islands (Fiji), 
wrote that in that area kava is propa- 
gated by slips (lower joints with a bud 
on each) and that the plants are some- 
times grown over a flat stone so that 
much of the root system grows upwards, 
the bush holding by small roots which 
grow over the stone and into the ground. 

Fornander (1913-1920) also describes 
the use of a stone in planting but says 
this is to hold the joints down until roots 
form: “ It is said that the awa is propa- 
gated from the joints, that is the 
branches; it is pressed down and weighted 
with a stone until the roots develope; 
then it is taken to where it is desired to 
be planted. Again, when the awa roots 
are being dug up, that is, when it is being 
pulled, the branches are chopped up and 
thrown back into the holes from which 
the roots have been taken, then covered 
over the soil, and when the sprouts ap- 
pear, called Nihopuaa, they are taken 
and planted. The method of planting I 
have seen is the same as that followed in 
the planting of cane ” 
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E. and P. Beaglehole (1941) consider 
that it takes little trouble to plant and 
cultivate kava. Presumably from native 
informants, they have found that in this 
region of their study—Pangai village, 
Vava’u Group, Tonga—March appears 
to be the best morth for planting. This 
is done by six men of the village every 
two to three years, laying out 20-50 cut- 
tings each time. The varieties the Ton- 
gans use there are ready for pulling after 
two or three years. 

Planting in trenches seems to be quite 
an old custom, for James Wilson (1799) 
wrote at an early date with mention of 
trench planting in the Society Islands: 
“The plots of ava ground were laid out 
in such nice order; each bed formed reg- 
ular parallelograms, trenched two feet 
deep, and disposed with a great degree of 
taste; the whole enclosed with a fence of 
bamboo ”, 


Effect of the Narcotic 

The effect of kava as a narcotic drink 
is often exaggerated by some authors. 
Statements such as “ Delightful dreams 
charm this torpor” or statements em- 
phasizing addiction to this drug are 
highly inaccurate. For one of the best 
descriptions of the effect of the drink, we 
might turn to A. M. Hoeart (1929): 
“ The intoxication dulls the countenance. 
As I experienced it, it gives a pleasant, 
warm, and cheerful, but lazy feeling, so- 
ciable though not hilarious or loqua- 
cious; the reason is not obscured. In 
time a certain dullness settles on the 
company in which the kava and the late 
hour probably both have a part. Once 
after drinking I felt miserable and found 
it difficult to walk straight; on turning 
into bed, I felt sick and could not get to 
sleep. Such intoxication is rare because 
in Lau the kava is so diluted and served 
in such small cups that many rounds can 
be drunk with impunity. Habitual 
drinkers are said to become intoxicated 
more quickly than occasional ones. Kava 
has no unpleasant reaction next morning, 
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other than indolence and lack of appe- 
tite. Habitual drinkers can be noted by 
their watery and bleary eyes, their dull 
skins, which in bad cases become scaly ”’. 

Tongans of Pangai village regard the 
beverage as beneficial for healthy people 
but detrimental to those who are sick. 


They are generally moderate in their 


drinking, saying that an addict becomes 
weak and lazy and has domestic trouble 
due to negligence of responsibilities 
(Beaglehole, 1941). 

There is no doubt that green kava 
(that which is not completely dried) is 
much stronger than well dried kava. 
The colour of a kava drink may be any- 
thing from white to beige, sometimes 
with a greenish tinge, and the taste may 
be neutral, insipid or rather bitter. 
George Forster (1777) wrote about the 
drink “ which is then whitish, insipid, or 
partaking somewhat of the taste of a 
weak infusion of pepper”. I personally 
would not compare the taste to that of a 
peppery infusion, but this is not an im- 
portant point. 

Even though ceremonial and social 
drinking is by far the greatest use of 
kava, it found its way into many other 
phases of Polynesian life. It was much 
used in medicine, as a diuretic and for 
rheumatism and asthma, and as a poul- 
tice for headaches; and was even be- 
lieved to cause perspiration—to break a 
cold or fever—when placed under a per- 
son lying down (Handy, 1940). 

The Hawaiians were very much aware 
of kava’s somnifacient qualities. It has 
been used by all classes of them for this 
purpose — inducing relaxation. Handy 
has it from Mrs. Pukui that, contrary to 
some opinions, kava was not tabu to the 
lower classes. The difference seems to 
lie in the fact that the alii (noble class) 
drank socially and for pleasure, the ka- 
huna (priest class) ceremoniously, the 
working people for relaxation. Kava 
was not in short supply. Some particu- 
lar varieties were retained for special 
uses, as some of the darker varieties for 
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ceremonial use. Oftentimes when used 
in medicine, certain varieties were speci- 
fied as most effective. 

As a ceremonial gift, kava was offered 
to ancestral spirits on the domestic altar 
and offered to such supernaturals as the 
shark patron. It was at times offered to 
a spirit through a medium who drank it 
for the spirit, and it was often served to 
seers who gazed into it and drank it to 
‘ induce the desired passivity or trance ”’ 
In this way, kava may be considered 
something of an hypnotie (Handy, 1940). 

Kava was also used in western Poly- 
nesia to induce a removed state of mind 
(Frazer, 1892). In Uea Island, which is 
culturally similar to Samoa, kava was 
deliberately drunk to bring forth inspira- 
tion (Handy, 1927), as was done on Niue 
(Thomson, 1902). In Hawaii, also, psy- 
chie diagnosticians used kava “to 
strengthen the spirits ” (Fornander, 1913— 
1920, vol. 6), and there is record of this 
practice in the Marquesas (Handy, 1927). 

Commercial Considerations 

Lack of data permit only brief and 
very inadequate comments on the com- 
mercial significance of kava. B. E. V. 
Parham, Senior Agricultural Officer and 
botanist in the Fiji Islands, is possibly 
the only author who has written on the 
economic aspects of the crop. Writing 
from Suva (Fiji), in 1935, he states that 
commercial production in that area is 
usually handled by Indians on family 
plantations. Their initial outlay on a 
ten-acre holding was approximately as 
follows: 

Payment to Fijian owners £10-£20 

Deposit (survey fees, etc.) £10 

Clearing at £3 per acre £30 

Rent at 10s. per acre £5 per annum. 

In four years the total cost of produc- 
tion would have been £100 with the initial 
outlay at £50-£60, rent coming to £20 
and labour costs amounting to £30. This 
area should have grossed about £500— 
£600, with a profit of £400-£500 in four 
years on a ten-acre plantation. 
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Punjabis, who do not often take up 
permanent residence (they usually try to 
return to India after the harvest), make 
their way with minor crops until the 
kava is ready for sale. Often the buyer 
of a plantation will assist the planter 
with harvesting, and the vendor recipro- 
‘ates by helping to plant the new crop. 

From Kandavu (one of the large is- 
lands in the Fiji Group) the following 
figures have been recorded. Production 
cost per acre came to £30—£35 for a crop 
four years in the growing. Fair yields 
were estimated at 20-25 sacks per acre, 
the return at £93 per acre (140 # at 8d. 
per #, or £4: 13: 4d. per sack). 

Often, when working with good soil, 
the total four-years production cost 
could be covered with a one-year crop of 
interplanted taro. 

Parham has it on good authority that 
kava “in the field” was worth £60 per 
acre at the time (1935). Chinese plant- 
ers have approximated that clearing one 
acre and planting it cost £15-£20. 

Preparation for market is easy of de- 
scription for it consists only of scraping 


and peeling the lower parts of the plant 
and placing them in the sun to dry. 
The market, and it is only a local one, 


afforded a price of 6d.-9d./#. The fi- 
brous roots bring a much lower price, 
quoted at 3d./#, and each plant bears 
up to 7 # of this inferior product. A 
fairly high yielding plant may provide 
10 # of “ Lewena” which is the best 
grade of kava generally recognized in 
Fiji. From 1933 to 1935 there was a 
great drop in price of “ Wakana’”’, the 
second grade roots. In 1933 20 # 
brought as much as 18/— but in 1935 
could bring only 1/8d. Bark and scrap- 
ings could be marketed for a low price, 
and “ Kasa”’, the peeled nodes of the 
stem, have been used in a mixture with 
ground-up pieces of the root. 

Parham is of the belief that one reason 
for the low kava prices is that the pur- 
chasers will not pay high prices when 
they realize that many planters adulter- 
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ate their product with portions of dis- 
eased root (Parham, 1935). 

It is commonly acknowledged, at least 
in Fiji and Samoa, that the white grades 
of kava are of definitely superior quality 
and are much preferred to the black 
types. Unfortunately, producers often 
would rather grow the black varieties 
because they mature earlier than the 
white, in two and one-half to three years 
as compared to three to four years. 
Then, too, it may be that the black vari- 
eties are more resistant to disease and 
thus find more favour with the planters 
of Fiji where the wilt disease has been 
quite a problem. The green roots, im- 
properly dried, are not preferred for 
quality, for they may be quite nauseat- 
ing, but they are considerably stronger 
and can have quite an effect on the 
drinker (Parham, 1935, and my own ob- 
servations). 

Ernest and Pearl Beaglehole (1941), 
in their anthropological study of a Ton- 
gan village, mention that natives there 
find that the usable portion of a kava 
plant amounts to 40 or 50 #. They, too, 
agree that green kava is quite strong, 
sausing headaches and a “ general ma- 
laise”’. Concerning local consumption, 
they state that each household uses 
about ten large roots a year, while an 
addict to the drink might struggle along 
on 30 to 40 large roots. 

Missionaries have, of course, killed the 
potential kava market in many of the 
Pacific islands (Aitken, 1930; Handy, 
1930; Degener, 1946), and in the mid- 
1800’s the Hawaiian Government for- 
bade this drink without a doctor’s pre- 
scription; this law, however, was not 
effectively enforced. Even today it is 
sometimes possible to buy the kava root 
in the Hawaiian markets. 

From 1885 to the beginning of World 
War I kava found its way into the ex- 
port markets of Hawaii. This product, 
for medicinal use, was taken up pri- 
marily by Germany, but the value did 
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not exceed $4000 and substitutes were 
soon found for this species of Piper 
(Degener, 1946). 
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Origin and Taxonomy of Broccoli’ 


This popular vegetable may have been known to the Greeks, 2,500 


years ago. 


Present-day varieties have been developed principally 
from forms that have arisen in Italy in the past 2,000 years. 


The 


name, meaning “ bucktooth”, was probably a Latin colloquial term 
applied to any projecting shoots of members of the cabbage family. 


P. A. BUCK 2 


Department of Food Technology, University of California, Berkeley, California 


As food, earliest man gathered plants 
and seeds from field and forest, but the 
perishable herbs must have spoiled read- 
ily, causing him to be a nomad. Neo- 
lithic man during the new age 
partly solved the problem of spoilage by 
gathering surplus cereals to tide over 
seasons of paucity. Incidentally, some 
seeds might have been buried in the de- 
bris about the hearthstone, and the ger- 
mination of them might have been the 
start of agriculture. By 8,000 years ago, 
plants of the mustard family, to which 
broccoli belongs 


stone 


phylogentically, were 
being cultivated for food by the civiliza- 
tions of Persia and of China (de Can- 
dolle, 1885; Sturtevant, 1919). The 


phylogenetic parent of sprouting broccoli, 


wild cabbage, has been traced to coastal 
Europe where it still grows prolifically 
along the chalk cliffs of England and in 
the Low Countries. The plants were 
taken to Persia after the Aryan invasion 
of Europe, from where they diffused 
throughout the Mediterranean region. 
Our first accurate knowledge about the 
cultivation of plants belonging to the 
genus Brassica begins with the Hellenic 
culture, 25 centuries ago. Later, when 
the Roman armies conquered new lands, 
they disseminated many edible plants. 
The Greek and the Roman people ad- 


1 Based upon data presented in Ph.D. thesis, 
University of California, September, 1954. 

2 Present address: Department of Dairy and 
Food Industries, University of Wisconsin, 
Madison 


vanced the art of horticulture, and the 
present varieties of sprouting broccoli 
have been developed from selections of 
desirable types which have occurred 
mainly in Italy within the past 
thousand years. 

Meanwhile, largely due to selection 
during the past 300 years by the Danish 
and English horticulturists, some types 
of Brassica became highly improved, cul- 
minating in the cauliflowers and the 
heading broccoli. The taxonomy of 
sprouting broccoli—Brassica oleracea L. 
var. italica Plenk—has become confus- 
ing, not only because the common name 
“broccoli”? denotes different plants 
throughout the world, but also because 
the term is used with different connota- 
tion in Europe than in America. The 
name “ broccoli’’, as well as denoting a 
variety of Brassica which Pliny de- 
scribed in the time of Christ (Pliny, 
1855), is applied to late cauliflowers. 
When sown in August, by January these 
form a curd resembling a coarse cauli- 
flower. The tender shoots of cabbage 
and cauliflower which emerge in winter 
and would develop into inflorescence are 
also called “ broccoli ”. 

Nearly 300 genera and perhaps 3,000 
species of Cruciferae are known through- 
out the world, but mainly in temperate 
regions (Metcalfe and Chalk, 1950). 
The genus Brassica includes a ramified, 
important number of vegetables, e.g., 
cabbage, cauliflower, Brussels sprouts, 
kale, Kohlrabi, turnip, rutabaga and 


two 
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mustard, which are grown for their 
leaves, for their edible inflorescence, for 
their fleshy stems, for their roots, or for 
the oils which are extracted from the 
seeds. The word “ brassica’”’, meaning 
to cut off the head, is derived probably 
from Latin, since this word first was 
used by Plautus, in the third century be- 


fore Christ, in one of his comedies 
(Thesaurus, 1901). In the second cen- 
tury before Christ, Cato cited three 


varieties of cabbage; however, his de- 
scriptions are inadequate for tracing and 
classifying broccoli (Cato, 1934). In 
addition to these three varieties, Pliny 
enumerates nine others from which the 
cabbage of Bruttium is selected as sprout- 
ing broccoli (Pliny, 1855). “ Broccoli”, 
which means bucktooth, probably was a 
colloquial Latin word for any projecting 
shoots of members of the cabbage fam- 
ily, so that today the word still is am- 
biguous (Meyer-Luebke, 1935; Walde, 
1938). The terms “ asparagus broccoli”, 
“sprouting broccoli’? and “ Christmas 
Calabrian broccoli ” appear to be synon- 
ymous for the Bruttium 
Pliny. 

In the United States, sprouting broccoli 
(commonly called which 
term will be used henceforth in this 
paper) is a recently introduced form of 
Brassica which is displacing cauliflower 
in popularity as a vegetable. About 
1915, the experiments of MeCollum (see 
Harris, 1953) showed that at least two 
nutrients, known today as “ vitamins”, 
were required for the normal development 
of rats. Quickly the knowledge spread 
that green plants possess these vital nu- 
trients, while white or “ blanched ” vege- 
tables, previously in demand, were de- 
ficient in the factors. A popular demand 
was created for green vegtables, so that 
some of the major distributors of vege- 
table seed sought new, appealing vege- 
tables to meet the demand. Sprouting 
broccoli already was being grown on the 
east coast of the United States by the 
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Italian market gardeners, so that most 
of the present horticultural types of 
Italian green sprouting broccoli can be 
traced either to the seed obtained from 
these Italian gardeners or to that ac- 
quired in the years 1926-27 directly from 
the Province of Calabria in Italy (Nixon, 
1954). The strains now used for com- 
mercial production are unique in the 
United States because of the extensive 
roguing employed by seed houses within 
the past 30 years. 


Terminology 


Since standard floral terms are not ap- 
plied consistently to the ramified struc- 
tures of the horticultural varieties of 
plants, the terms used in this paper for 
broccoli are defined. When applicable, 
the terminology of James and Clapham 
(1935) is used, and other terms selected 
are that clearly the 
physiological structure of the broccoli 
inflorescence. 


those designate 


The flowers of broccoli are borne on a 
faceted floral shoot so that the inflores- 
cence terminates the axis of the plant. 
The inflorescence, which has been de- 
scribed as a corymb, a corymbose pan- 
icle or a modified racemose panicle 
(Engler, 1919; Bailey, 1949; Kelsey and 
Dayton, 1942), consists of functional 
floral buds, perfect flowers, stem and 
bracts. At the time of harvesting, the 
inflorescence is a growing, faceted axis 


bearing a large number of immature, 


stalked flowers, floral buds and varied 
bracts which are smaller and more 
simple in form than the vegetative 
leaves. The bracts are absent from the 


the inflorescence. 
The culture of broccoli is described by 
Bouquet (1950) and MacGillivray 
(1953). 

The inflorescence is commonly called a 
“head” or “ curd”, and the peduncle and 
bracts are called “ shoot ” or “ stem” and 
“leaves”. The morphological term “ pe- 
duncle ”, also called “ shoot”, “ stem”, 
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Fic. 1. Morphology of the floral shoot of sprouting broccoli. 
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“ axis’ or “ flower stalk ”, does not con- 
note the dynamic physiological changes 
of this region as well as the term “ floral 
shoot”. The meristems of this faceted 
shoot of broccoli are physiologically very 
active; therefore the physiological rather 
than the morphological state of the pri- 
mary tissue systems will be emphasized 
by using the term “ floral shoot ” rather 
than “ peduncle”. The apical meristems 
will be called “ floral apices ”, although a 
distinct difference between shoot and 
floral apices was not observed. Where a 
bract subtends a rudimentary floral 
shoot, a branchlet of the peduncle, this 
shoot has been designated as an “ axil- 
lary shoot ”. These terms are illustrated 
in the diagram, Figure 1. 


Morphology and Anatomy 


The flower of broccoli conforms to the 
symmetry typical of the Cruciferae, be- 
ing*, 4, 4, 2 4 4, 2. The floral shoot con- 
sists of primary tissues from apical meri- 
stems of the faceted stem. The floral 
shoot, anatomically, has trilacunar 
nodes, as are found in other members of 
Brassica (Esau, 1953). The bracts are 
similar to the leaves of this plant be- 
cause the primary tissue which is en- 
closed within a uniseriate epidermis is 
lacunose. Their venation is dichotomous, 
and eventually the vascular system be- 
comes freely terminating but may ap- 
pear as a ramified closed system when 
observed at low power of magnification. 

Slightly ramified, infrequent cells that 
may be classified as idioblasts were ob- 
served in the bracts of winter strains of 
sprouting broccoli at the termination of 
the vascular system. Members of the 
Cruciferae have been incompletely clas- 
sified according to the frequency and the 
distribution of secretory idioblastic cells 
called “myrosin cells” (Heinricher, 
1884; Schweidler, 1910). The frequency 
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of these secretory cells might have been 
influenced by the environment and nutri- 
tion of broecoli, as in other Cruciferae 
(Metcalfe and Chalk, 1950), but 


gen- 


erally they are absent from broccoli. 
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Constituents of Crotalaria spectabilis Roth 


Steroidal saponins, possible precursors for cortisone syn- 
thesis, have been found to be absent in Crotalaria spectabi- 
lis Roth. Qualitative results were obtained for flavonols, 
alkaloids, tannins, unsaturated sterols, and organic acids. 
A characteristic infrared spectrum has been established 
for the toxic alkaloid, monocrotaline. The results of a 
routine drug analysis have been reported. 


R. B. TINKER! ann W. M. LAUTER? 


Plants of the genus Crotalaria, intro- A sparse amount of analytical data 
duced into the United States by C. V. has been reported entirely from an agro- 
Piper in 1909 (14), have been used ex- nomical standpoint (14, 15). The data 
tensively throughout the southeastern of Neal et al. (17) and that of Adams 
“cover crop,” and Rogers (1) reported alkaloid con- 
for soil enrichment, and as a forage and tent only and stated neither time nor 
silage material for cattle (15, 16). The locality of collection, nor the condition 
seeds of the plants usually employed of the plant material investigated. These 
have been found frequently to be adul- factors have a definite influence on the 
terated with those of Crotalaria spec- type and amount of the various con- 
tabilis, a species known to contain a_ stituents present. In view of the lack of 
hepato-toxiec alkaloid (11, 18). Once specific analytical and phytochemical 
established in pasture land or in garden data, it was decided to investigate C. 
soil, this plant has proved difficult to spectabilis according to the screening 


section of the country as a 


eradicate. method developed by Wall et al. (21) 
Becker et al. (6), in 1935, established and to include a routine drug analysis on 
through feeding experiments that C. spec- the leaves, roots and flowering tops, in- 


tabilis is definitely toxic to cattle. Other cluding pods, seeds and stems. The 
investigators (10, 19) have reported the methods used in the latter analysis pro- 
toxicity of this plant and its seeds to cedures were those of the Pharmacopeia 
poultry, swine, game birds and cattle. (24). 

In the same year Neal et al. (9) ob- 
tained crude extracts from the seeds, 
leaves and stems of the plant which gave 
positive tests for an alkaloidal material. 
This material was named “ monocrota- 


line”. It remained, however, for Adams 1 in Gai ~ ial 
and Rogers (1) to isolate the alkaloid in ocated in Gainesville (Alachua County), 


: ‘lorida, on September 2 954. The 
crystalline form and to establish its “ rida, on peers I, ne le 
structure (2-4). p ants were growing in low ground where 

drainage was poor and had attained an 
1Interim Assistant Research Professor, Uni- average height of five feet. 


versity of Florida College of Pharmacy, Gaines- Preparation of Samples. In order to 
ville 

2 Professor of Pharmaceutical Chemistry, 
University of Florida College of Pharmacy, 


Experimental Data 


Collection. Entire flowering plants of 
Crotalaria spectabilis were collected from 
the Medicinal Plant Garden of the Uni- 
versity of Florida College of Pharmacy 


screen this plant by the procedure estab- 
lished by Wall et al. (21), it was neces- 


Gainesville sary to remove the leaves from the 
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freshly collected sample and to prepare 
an alcoholic extract with hot 95% etha- 
nol. A gross sample of 400 gm. of leaves 
was shorn from the plant and minced; a 
200-gm. portion was then selected for ex- 
traction, moistened with 95% ethanol, 
and allowed to macerate for a period of 
30 minutes before it was packed in a 
large percolator under moderate pres- 
sure. The percolator served as the ex- 
traction chamber of a modified Soxhlet 
apparatus. The leaves were covered with 
300 ml. of menstruum and allowed to 
stand overnight prior to a 24-hour con- 
tinuous extraction with hot solvent. The 
cooled extract was filtered into a 1000- 
ml. volumetric flask and menstruum was 
added to volume. This extract repre- 
sented five gm. of dry plant material per 
100 ml. 

The remaining plants were then sepa- 
rated into roots and flowering 
tops (including stems, pods and seeds), 
and dried at 50° C. in a foreed draft 
oven. When dry, the separate plant 
parts were ground into a number 20 
powder and stored in separate cardboard 
containers. 


leaves, 


General Procedures and Qualitative 
Results 


Saponins. 
cedure, a saline suspension of red blood 
cells was prepared (8) and 1 ml. of the 
alcoholic extract was added to 10 ml. of 
No hemoly- 
sis was observed after one-half hour con- 
tact and it was therefore concluded that 
the plant contained no steroidal saponin. 

Flavonols. One ml. of alcoholic extract 
was acidified with 0.5 ml. of 10% hydro- 
chloric acid and a small piece of mag- 
nesium turning was added (9, 23). At 
the end of one-half hour a comparison 


As suggested in Wall’s pro- 


the erythrocyte suspension. 


was made between the sample and a 


blank prepared in the same manner ex- 
cept for the addition of the magnesium 
turning. 
a Klett-Summerson photoelectric color- 


The comparison was made on 
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imeter equipped with a 660-millimicron 
(red) filter. Identical readings were ob- 
tained for both sample and blank, indi- 
eating an absence of compounds contain- 
ing the benzopyrone nucleus. 

Alkaloids. A water extract was pre- 
pared by evaporating 100 ml. of the alco- 
holie extract to dryness on a water bath, 
dissolving the residue in 25 ml. of hot 
water, filtering into a 25-ml. volumetric 
flask, and then adjusting the volume 
through the filter. When 5-ml. portions 
of this water extract were acidified with 
1% hydrochloric acid, only faintly posi- 
tive for alkaloidal material were 
obtained with Mayer’s Reagent (5, 13) 
and with silicotungstie acid (7). 

\n examination of the structural for- 
mula of monocrotaline (12) explained 
the faintly positive test obtained. Inas- 
much as the alkaloid is both an ester and 
a lactone, hydrolysis of the ester or 
splitting of the lactone ring co.!d have 
taken place in the hot aqueous solution 
or upon acidification with the mineral 
acid. 

When the alkaloidal 
peated, employing citric acid for the 
acidification, positive tests were easily 
obtained. 


tests 


tests were re- 


Classical acid-base extraction, 
using immiscible solvents, also produced 
positive alkaloidal material 
when citric acid and saturated aqueous 
sodium carbonate were used to adjust 
the pH. 

The method of Adams and Rogers (1) 
was used to isolate monocrotaline (m.p. 
197° C. corr.) from the leaves and flower- 
ing tops in amounts of 0.9 and 1.9 per- 
cent, respectively. Only a trace of the 
alkaloid was found in the root 

Tannins. 


tests for 


A similarly prepared water 


extract was shown to contain tannins 
when treated with both ferrie chloride 
test solution and with gelatin-salt re- 
agent (24). A one percent solution of 


gelatin, however, produced no precipi- 
tate, indicating the 
small amounts of tannin. 


presence ol only 
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Unsaturated Sterols. A chloroform 
extract Was prepared in a manner simi- 
lar to that used to prepare the water 
extract. This chloroform extract gave 
an immediate and Liebermann- 
Burchard reaction, indicating the pres- 
ence of unsaturated sterols. It should 
be pointed out, however, that no previ- 
ous purification of the aleohol or chloro- 
form extracts had been made, and it is 
possible that other non-steroidal com- 
pounds such as carotene and xantho- 
phyll might have interfered with the test. 

The method of separating carotene and 
xanthophyll from the chloroform extract 
as described by Wall and Kelley (20) 
was followed and the test was repeated. 
A faintly positive test indicated the 
presence of trace amounts of unsaturated 
sterols. 

Organic Acids. Spontaneous evapora- 
tion of the ether extract from an acidi- 
fied aqueous aliquot yielded a small 
amount of waxy residue, indicating the 
presence of organic acid products. 

Phenols. The test for phenols could 
not be conducted, using the method of 
Wall et al. (21), inasmuch as tannins 
were found to be present in the aqueous 
extract. 

A summary of the constituents deter- 
mined by screening is shown in Table I. 

Infrared Spectrum. A 0.5 percent solu- 


strong 
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TABLE I 
PLANT CoNsTITUENTS DETERMINED BY 
SCREENING 


Plant part examined 
Constituent 


sought . yer- 

& Roots Leaves Flower 
ing tops 

Steroidal saponin 

Flavonols .......... 

i Pa eae 


ere ee 
Unsaturated sterol . 
Organic acids 


tion of the isolated and purified alkaloid 
was dissolved in analytical reagent chlo- 
roform and was subjected to infrared 
scanning in a 0.2-mm. cell. 

Routine Crude Drug Analysis. A 
routine analysis of the dried plant ma- 
terial was conducted in accordance with 
the tests outlined in the United States 
Pharmacopeia XIV. The results ob- 
tained are shown in Table II and repre- 
sent the average of two determinations. 


Summary 


1. Crotalaria spectabilis has been ex- 
amined and found to contain no steroidal 


saponin. 
2. Alkaloid, tannins, unsaturated 
sterols and organic acids have been 


found in all plant parts. 


TABLE II 


SumMary or Routine DruG ANALysis or C. spectabilts 


Analysis conducted 


Moisture (fresh material) 
Moisture (dry material) 

Alcohol-soluble extractive ..... 
Dilute-alcohol-soluble etxractive 
Water-soluble extractive 


Petroleum-benzin-soluble extractive 
Non-volatile ether-soluble extractive 
Volatile ether-soluble 
Crude fiber 
Total ash oe al 
Acid-insoluble ash 


extractive 


Plant part examined 


Roots Leaves Flowering tops 
74.15% 77 40% 83.55% 
8.22 11.95 7.99 
2.71 8.13 14.62 
5.53 20.86 20.46 
4.99 14.77 15.06 
1.06 4.70 3.18 
0.68 3.85 2.23 
0.62 4.35 1.46 
47.90 8.75 6.63 
2.50 8.06 4.04 
0.26 0.20 0.07 


CONSTITUENTS OF 
3. An infrared spectrum for mono- 
crotaline has been reported. 

4. The results of a routine drug analy- 
sis have been reported. 


Bibliography 


1. Adams, R., and Rogers, E. F. 
monocrotaline, the alkaloid 
tabilis and C. retusa. Jour. Am. Chem 
Soc. 61: 2815. 1939. 

2. ——, —_——., and Sproules, F. J. Struc- 
ture of monocrotaline. II. Monocrotic 
acid obtained by alkaline hydrolysis of 
the alkaloid. Jour. Am. Chem. Soc. 61: 
2819. 1939. 


é * me 


Structure of 
in C. spec- 


° , and Long, R. 8. Structure 
of monocrotaline. III. Monocrotalic acid. 
Jour. Am. Chem. Soc. 61: 2822. 1939. 

4. —, and Long, R.S. Structure of mono- 


crotaline. IV. Monocrotic acid. Jour. 
Am. Chem. Soc. 62: 2289. 1940. 
5. Allen’s commercial organic analysis. Vol. 


VII. 5th ed. 1929. [pp. 24-34]. 

6. Becker, R. B., Neal, W. M., Arnold, P. T. D., 
and Shealy, A. L. A study of the pala- 
tability and possible toxicity of 11 spe- 
cies of Crotalaria, especially of Crotalaria 

Jour. Agr. Res. 50: 911. 1935. 

7. Bertrand, Gabriel. Sur l’emploi de l’acide 
silicotungstique comme réactif des alca- 
loides. Bull. Soc. Chim. 21: 434. 1899. 

8. Bramford, E. Poisons, their isolation and 
identification. 1951. [p. 199]. 

9. Bryant, E. F. A note on the differentia- 
tion flavonoid glycosides and 
their aglucones. Jour. Am. Pharm. Assoc., 
Sci. Ed. 39: 480. 1950. 

10. Emmel, M. W., Sanders, D. A., and Hen- 
ley, W. W. Crotalaria spectabilis Roth 
seed poisoning in swine. Jour. Am. Vet 
Med. Assoc. 86: 43. 1935. 

11. Harris, P. N., Anderson, R. C., and Chen, 
K. K. The action of monocrotaline and 


spectabilis. 


between 


Utilization 
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oil, camphor oil and garlic oil are also ger- 
micidal. 
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Abstract 


Fungicidal activity has been attributed to 
thymol, carvacol, mustard oil and clove oil. 
And by addition of oil of terpineol, pine oil 
and benzoin to thyme, the fungicidal action 
of the latter against Staphylococcus aureus 
has been prolonged from 28 days to over four 
vears. Such additives have been called 
“ abiotoxins ’ 


Oil Rev. 66(1): 25-28. 


(W. Boyle, Ain. Perf. & Ess. 


1955). 


Phytochemical Examination of the Leaves of 


Carica papaya L. 


Routine crude drug assays and tests for steroidal sapo- 
nins, flavonols, tannins, phenols, organic acids, unsatu- 
rated sterols and alkaloids have been made on the leaves 
of Carica papaya L. The alkaloid, carpaine, was isolated 
and identified. 


W. F. HEAD, JR. 


Carica papaya, which grows abun- 
lantly in Florida, is of economic impor- 
tance because of the proteolytic enzyme, 
papain, which occurs chiefly in the fruit. 
Recently, vegetarian health and 
markets have been using or selling the 
leaves for the preparation of “ papaya 
tea particularly in southern Florida. 
It is known that a potentially harmful 
alkaloid oceurs in the leaves found in 
Indonesia, Central and South America, 
but no one has established its presence 
or percentage in the Florida leaf. It was 
the purpose of this investigation to deter- 
mine, quantitatively and qualitatively, 
any alkaloid present as well as to rou- 
tinely sereen the various extracts for 
other plant constituents. 

M. Greshoff (5) first isolated carpaine 
in 1890, and Barger, Robinson and Work 
(3), in 1937, tentatively established its 
structural formula. Rapoport and Bald- 
ridge, in 1951, started a series of investi- 
(7-9) which resulted in a more 


bars 


gations 
acceptable formula. Govindachari et al. 


(4) 


paine from Carica papaya and described 


have recently isolated pseudocar- 


it to be diastereoisomeric with carpaine. 


1 Graduate assistant, College of Pharmacy, 


University of Florida. 
Pharmaceutical Chemistry, 


2 Professor of 
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Experimental 


Procurement of Plant Material.* 
Young, fresh papaya leaves were col- 
lected for initial testing in September, 
1954, from the Horticulture Garden of 
the University of Florida in Gainesville. 
A second batch of somewhat older leaves 
was obtained in December, 1954, solely 
for the purpose of alkaloidal extraction. 
Leaves were collected from two types of 
trees. One tree bore perfect flowers and 
one bore only male flowers. The leaves 
were immediately placed in a circulating 
air oven at 60° C., dried, then ground 
to a coarse powder in a comminuting 
machine. 

Routine Crude Drug Analysis. Both 
male and perfect flowered varieties of 
the dried, powdered material were rou- 
tinely assayed by the methods of the 
US.P. XIV (6). The results obtained 
are recorded in Table I and represent the 
average of duplicate determinations. 

Plant Constituents. Qualitative and 
quantitative tests were made in accord- 
ance with the screening method reported 
by Wall et al. (10). 

Fifty grams of dried powdered leaf 

3 Grateful acknowledgment made to Dr. 
H. 8. Wolfe of the Department of Horticulture, 
University of Florida, for his valuable aid in 
plant material. 


Is 


obtaining the 
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TABLE I 


SumMary or Crupe DruG ANALYSIS FOR 
LeAves or C. papaya 


Male 
flowered 
papaya 

leaves 


Perfect 
flowered 
papaya 
leaves 


Analysis 


Moisture (fresh material)*.. 69.7% 70.3% 
Moisture (dry material) .... 6.6 
Total ash 11.1 
Acid-insoluble ash 8 0.7 
Crude fiber .... 2 63 
Alcohol-soluble extractive 30.2 
Volatile ether-soluble extrac- 

05 


12.9 


* All other analyses conducted on dried ma- 
terial. 


were placed in a Soxhlet extractor and 
continuously extracted for 25 hours, 
using 95 percent ethanol. The extracts 
were then each diluted to 1000 ml. with 
95 percent ethanol for saponin and flavo- 
nol testing. Aliquots of these solutions 
representing 5 gm. were evaporated to 
dryness and the residues dissolved in 25- 
ml. portions of hot water and filtered 
through a sintered glass filter. These 
solutions were used for testing alkaloids, 
tannins, organic acids and phenols. Tests 
for unsaturated were made on 
chloroform solutions prepared in the 
same manner as the aqueous solutions. 


sterols 


In addition to the saponin tests de- 
scribed by Wall, Bamford’s cholesterol 
inhibition test (1) and reaction 
tests with sulfuric acid and Frohde’s re- 
agent were performed. The 


color 


results of 


plant constituent screening are compiled 


in Table II. 


Isolation and Identification of Car- 
paine. One hundred gm. of dried papaya 
leaves were extracted by refluxing with 
95 percent ethanol, containing 0.5 per- 
cent acetic acid, for 45 minutes, accord- 
ing to Wall (11) and Greshoff (5). The 
solvent was spontaneously evaporated 
the residue thoroughly 


and extracted 
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with 1 percent HCl. This solution was 
made basic with ammonia and completely 
extracted with ether. Upon evaporation 
of the ether, a negligible amount of resi- 
due was obtained. 

It is possible that heating in the pres- 
ence of water caused hydrolysis of the 
lactone ring of carpaine to give carpamic 
acid (2), which is only sparingly soluble 
in alcohol. 

With this in mind, 500 gm. of dried 
papaya leaf (Dee. batch) were extracted 
by shaking with 80 percent alcohol con- 
taining 1 percent HCl. After 48 hours, 
the solvent was filtered off and the mare 
washed with 80 percent alcohol. The 
combined extracts were then concentrated 
in vacuo, at a temperature not exceed- 
ing 40° C., to a volume of 500 ml. This 
thick, dark green syrup was extracted 
thoroughly with ether to remove chloro- 
phyll and other extraneous plant mate- 
rial. This partially purified syrup was 
then made basic with potassium carbo- 
nate and extracted in a modified Palkin 
extractor (7), using fresh ether. A yield 
of 0.4 gm. (0.08 percent) of brownish, 
slightly impure crystals was obtained. 

These erystals were purified by dis- 
solving them in a minimum amount of 
hot ethanol, allowing the solution to cool 
somewhat, then adding distilled water 
until no further precipitate was formed. 
This procedure was repeated three times 
until practically pure white crystals were 
obtained. M.P. 121° C. 


TABLE I 
CONSTITUENTS OF THE LEAVES oF C. papaya 


Male 
flowered 
papava 


Perfect 
flowers d 
papaya 


Constituent 


Steroidal saponins 
Flavonols 

Tannins 

Phe nols 

Organic acids 
Unsaturated sterols 
Alkaloids 
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Carpaine hydrochloride and carpaine 
aurichloride were made and had melting 
points of 225° C. and 204.5° C. respeec- 
tively. Two new salts of carpaine were 
made, the reineckate and the helianthate, 
but their melting points were obscure. 

The infra-red spectrum was obtained 
for carpaine in a nujol mull and com- 
pared identically with the literature spec- 
trum (4). 

Summary 


1. Carica papaya leaves grown in 
Florida were found to contain small 
amounts of flavonols, tannins, organic 
acids and alkaloids. 

2. Carpaine has been isolated and 
identified. An infra-red spectrum was 
reported. 

3. Results of a 
analysis have been reported. 


routine crude drug 
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A New Approach to Studies on Fungi 


There is evidence to indicate that certain soil fungi con- 
tribute some unknown compounds to plants, which in 
turn bestow varying degrees of disease-resistance upon 
animals feeding on vegetable material. 


Ss. C. HOOD! 


Economic botany deals with the rela- 
tions of plants to human welfare. What 
is more economic than the relation of 
certain plants to human diseases? We 
have a tremendous literature on the use 
of plants to cure, but their use in dis- 
ease prevention has been given much 
less consideration. 

When we say plants, we usually mean 
the higher flowering plants, and ignore 
the lowly fungi which greatly outnum- 
ber the higher plants, and are probably 
fully as important in human welfare. 
American scientists have not yet gotten 
away from the old implication of fungi 
involving parasitism and an undesirable 
condition. 

Foreign investigators have build up a 
very large literature on the fungi asso- 
ciated with growing plant roots, and 
their contributions to the growth and de- 
velopment of their host plants. This 
field of mycotrophy in plants has been 
neglected in America, except in the realm 
of forestry and a few scattered investi- 
gations. 

It is well known that fungi in general 
produce chemical compounds which have 
a powerful effect on the animal organ- 
ism. The ergot of the rye, the fungus 
of the darnel grass, and the root mycor- 
rhiza of the drug Polygala Senega may 
be cited as examples. Among the fleshy 
fungi, the poisonous properties of some 
and the unwholesome effects of others 
result from produced by 
these fungi. 


compounds 
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We now culture certain soil fungi for 
the production of a number of antibiotic 
drugs, the use of which is of increasing 
importance in medical practice. This 
field is new and its possibilities have not 
yet been fully explored. 

Within recent years a number of seri- 
ous have rampant 
among poultry, live stock and humans. 
Probably the organisms causative of dis- 
eases have always been present but not 
sufficient to create serious condition 
until the resistance of animal organisms 
had been lowered. Many explanations 
have been offered for this condition, but 
none of them seem adequate. Tensions 
of modern civilization, crowding, min- 
eral deficiencies, vitamin shortages, poor 
food habits, de-vitalized factory-made 
food, and many others have been sug- 
gested. All are probably contributing 
factors in some cases, but they appar- 
ently are not the answer. 

Manifestly something is wrong with 
our food supply, and man and his ani- 
mals have lost much of the disease re- 
This condition 


diseases become 


a 


sistance they once had. 
did not exist 
and contained the original organic mat- 


when our soils were new 
ter and a full complement of soil fungi. 
Nor did it exist when our market 
deners and food growers had abundance 


gar- 


of stable manure to apply to their fields. 
Now our foods are grown with the aid 
of heavy applications of chemical fer- 
tilizers, the organic matter of our soils 
has been depleted, the normal soil fungi 
no longer find proper growth conditions, 
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and heavy application of chemicals is 
not conducive to their development. 
Only within recent years have we 
learned of the importance of soil fungi 
in the growth of plants. In fact we still 
know very little about this phenomenon. 
We do know that most plants are bene- 
fited, and some even require that a fun- 
gus mycelium be 
roots. 


with their 
this fungus en- 
ters the plant root, while in others it 


associated 
In many cases, 


forms a mat over the growing tip. In 
both cases the fungus acts as a part of 
the feeding organs of the root. This is 
doubtless a two-way exchange: the fun- 
gus takes something from the plant and 
gives something in return. Even though 
the fungus be not in direct contact with 
the root, it probably contributes some- 
thing to the soil during its growth and 
eventual death. 

A number of scattered and unrelated 
investigations and observations in vari- 
ous parts of the world have shown that 
some control of certain poultry and ani- 
mal diseases was secured when the ani- 
mals were fed on plants grown in soil 
high in organic matter and rich in soil 
fungi. Other studies have shown that 
certain fungi have beneficient effects in 
the control of human diseases. 
The evidence is piling up, and it is time 
that the whole subject were investigated 
in an organized manner. 

All this leads to the logical hypothesis 
that soil fungi contribute some unknown 
compounds to plants, and that animals 
eating these plants derive from them a 
resistance to The 


some 


disease. evidence 


points to a definite relation between soil 
fungi and human and animal health. 
There are already sufficient data to 
warrant the establishment of a separate 
and independent line of investigation de- 
voted to the exhaustive study of soil bi- 
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ology. The importance of such research 
to human health cannot be over-rated. 

This research should be 
along three lines: 

a) A detailed examination of the fun- 
gus flora of our soils, especially in the 
regions where large areas of original soil 
remain, as in some of the national for- 
ests of some of the eastern States. These 
fungi should be identified and their re- 
lationship to higher plants studied with 
reference to mycorrhiza association. A 
sort of quantitative fungus analysis 
should be made of old and new soils to 
determine the effect of the usual farm- 
ing methods on the fungus flora. 

b) Cultural methods should be de- 
vised for the production of fungi in pure 
culture in order to provide material for 
chemical study. 

c) A detailed chemical examination 
should be made of each kind of fungus, 
its compounds isolated, and their consti- 
tution determined. Tests should be de- 
vised for the identification of these com- 
pounds in extreme dilution in order that 
transfer to plant roots may be followed. 

d) Animal experiments should be con- 
ducted to determine the action of these 
fungus compounds on animals, and their 
possible action in inducing disease re- 
sistance. If possible it should be deter- 
mined whether these 
passed on into the milk. 

This is a very ambitious program. It 
would require the very highest technical 
skill and many years for completion. 
However, the expense of conducting such 
investigations would be small compared 
with the huge sums now frittered away 
in unproductive work on some of these 
diseases. If this program should yield 
the key to the control of some of our dis- 
eases, it would represent one of the 
greatest steps ever taken in the field of 
human welfare. 


conducted 


compounds are 


Sage as a Condiment in the Graeco-Roman Era 


Several species of Salvia contributed to this flavoring 
and preserving adjunct of food in classical times. 
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Department of Classics, University of Miami, Coral Gables, Fla. 


The major difficulty encountered in 
any discussion of the use of sage as a 
condiment in the classical period is de- 
termination of the meaning of the names 
then current. At that time there was no 
concept of botanical species in the mod- 
ern and even technical writers 
were apt to apply the name of a plant 
in common to other common 
members of the genus with similar me- 
dicinal properties, and to do so without 
qualification. The Greeks used four 
basic’ terms for various types of sage: 
oddxos, éAeXiodhaxos, Spywov, and a’bomis. 
The meaning of these names can be only 
approximately fixed. 

The term o¢dxos was probably applied 
to the plant because of its astringent 
property, for the word is apparently 
cognate with oddxedos, which means 
‘convulsion” or “spasm” (7). The 
odaxos Of Theophrastus (H.PI. 6.1.4; 
6.2.5) has been identified as Salvia caly- 
cina Sibth. (35) and S. officinalis L. (13, 
17). The former species is fairly com- 
mon in Attica, Boeotia and Argolis (16, 
18). The latter, which is easily con- 
fused with S. triloba L., occurs mostly 
on the Greek islands (16). On the basis 
of habitat, the former is a more accepta- 
ble identification. The oddxos of Aris- 
tophanes has been identified as S. pomi- 
fera L. (21); but since this species is 
found mostly on Crete and some of the 
Greek islands (16, 29), it is probably not 
the plant to which Aristophanes referred. 
The classical name has mostly died out 
of use, although it survives in Otranto 
in the forms spaka and sfaga, generic 
terms for sage (30). 
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’EAcAiodaxos is apparently a compound 
of oddxos and édeAc- from éAcdifo, “ to 
convulse, quiver” (33). The type de- 
scribed by Theophrastus (H.PI. 6.1.4; 
6.2.5) has been variously identified as 
Salvia triloba L. (35), S. calycina Sibth. 
(15) and S. officinalis L. (34). The type 
described by Dioscorides (3.35) has usu- 
ally been identified as S. officinalis L. (1, 
11, 15, 32, 34), but also as S. pomifera 
L. (24), as S. officinalis and pomifera 
(6), and as S. calycina and triloba (13). 
There is also an inclination to identify 
this plant in Galen and other medical 
writers as S, officinalis (19). One writer, 
of the inclination extension, 
concluded that the word usually referred 
to S. officinalis but was probably also 
applied to S. pomifera, cretica and ar- 
gentea on Crete and to S. ringens, caly- 
cina, Sibthorpui and Forskalei in Greece. 

Modern Greek dAwwdaxea on Corfu is a 
generic term applied to such species as 
Salvia calycina, pomifera, officinalis, 
trioba and verticillata while dypa 
duodaxa generally denotes Salvia caly- 
cina. Salvia triloba is the type of sage 
most common in Greece (4, 16, 18), the 
western limit of its range lying in Sicily 
and Calabria (29), and is probably the 
species to which the classical term gen- 
erally referred. The galls of this species 
were formerly used on Crete to season a 
type of bread (29). By reason of habi- 
tat, as already pointed out, application 
of this name to either Salvia officinalis 
or pomifera must have been exceptional. 
Salvia argentea L. is not common in 
but has been found in Phocis, 
Attica, Thessaly and Epirus (16). Sal- 
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via viridis L. occurs here and there at 
lower altitudes in Greece and on the is- 
lands (16). Salvia sclarea L. is fairly 
common in Epirus, Etolia and the Pelo- 
ponnesus (16), and its leaves are used to 
some extent in cookery today in Europe 
(20). Salvia officinalis, however, is the 
type most commonly used today. Its 
leaves provide a popular seasoning for 
dressings, especially for such meats as 
pork, goose and duck; and it is also one 
of the most important flavoring ingredi- 
ents in certain kinds of sausage and 
cheese (20). 

"Oppwov probably derives from épun, 
“impulse”, and therefore means “an 
impellent ” (33). The plant has usually 
been identified as horminum clary or 
common sage, Salvia horminum L. (11, 
14, 15, 22, 23, 24, 32, 35), and as both 
S. horminum and 8. sclarea (13), the 
wild type as perhaps S. viridis (14). 
One scholar identified the type described 
by Dioscorides as S. horminum but 
thought that the type described by Theo- 
phrastus was probably a different spe- 
cies (10). Salvia horminum L. occurs in 
cultivated fields and marginal lands at 
lower altitudes here and there through- 
out Greece (16). There is little doubt 
that the classical name generally de- 
noted this species, although current 
Italian names from this source, prevalent 
chiefly in Tuscany and Sicily, are ap- 
plied to various species. One limiting 
factor is that the name is applied with- 
out qualification to only three species. 
Salvia horminum L. is called “ ormino ” 
in Tuseany, as is also Salvia pratensis 
L., and Salvia sclarea L. is called “ or- 
min” in Piedmont (28). The term is 
applied with qualifying epithets to sev- 
eral other species. Salvia canariensis L. 
is called “orminu majuri” in Sicily; 
Salvia clandestina Sibth. is called “ or- 
minu sarvaggiu” and “orminu_pilli- 
grinu” in Sicily; Salvia glutinosa L. is 
called “ ormino salvatico” in Tuscany; 
and Salvia verticillata L. is known as 
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‘ormino spurio ”’ in Tuscany (28). What- 
ever the application in classical Greece, 
that in Italy apparently was to one or 
more of the first three species, and of 
these Salvia horminum is the most likely 
possibility. 

The ai@ioris of the Greeks was proba- 
bly named for its homeland, Ethiopia 
(33). The type deseribed by Dioscori- 
des (4.103) has generally been identified 
as Ethiopian sage, Salvia aethiopis L. 
(6, 10, 11, 14, 15, 23, 32). The type 
which Dioscorides says grew on Mt. Ida 
may have been Salvia argentea (14). 
Salvia aethiopis does not occur wild in 
Greece today but is met, although rarely, 
at moderate altitudes in northern Italy 
(3, 8, 12, 16, 23, 27). It is often called 
“ etiopide ” in Tuscany (28). 

The drovei (properly dvovei) of Dios- 
corides (3.35) may be Salvia aegyptiaca 
L. (25). This type was imported from 
Egypt and used in medicine. 

No such variety of nomenclature is 
found in Latin. The Romans were in- 
clined to borrow the Greek names, but 
they had one distinctive term of their 
own. This was “salvia”, perhaps a 
derivative of “salvus”, denoting “ in 
good health” and applied to sage as a 
healing plant (37), or perhaps rather a 
cognate of “ saliune: a word of un- 
certain origin used as a name for French 
spikenard, Valeriana celtica L. (36). 
Pliny (N.H. 22.147) identifies this with 
the édeAiodaxos of the Greeks, which must 
generally have been Salvia triloba; but 
available evidence suggests that the “ sal- 
via” of the Romans was generally gar- 
den sage, Salvia officinalis. Salvia tri- 
loba occurs chiefly in southern Italy and 
Sicily (3, 8, 12, 27, 29), while Salvia 
officinalis grows here and there through 
most of Italy (3, 5,9, 12). Salvia has, 
in fact, been identified as Salvia offici- 
nalis by most of the authorities (13, 14, 
17, 31, 34). The Latin word is the 
source of Romanian “ salbie”’, Italian 
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“saubja” and “salvatage’’, French 
“sauvaga’” and “sauge”’, Catalan and 
Spanish “salvia”, and Portuguese 
“salva ”, all general terms for sage (26). 
But most of the Italian dialectic names 
from this source denote Salvia officinalis, 
this being the only species of sage, in 
fact, to which these names are commonly 
applied without qualification (28). 
Names in this category are applied to 
other species of sage, such as Salvia pra- 
tensis L., S. sclarea L., S. triloba L., S. 
coccinea Juss. and S. glutinosa L., but 
nearly always with a qualifying epithet 
(28). This usage suggests that the clas- 
sical application was to Salvia officinalis. 
This assumption is supported by the fact 
that, even though Salvia horminum and 
S. sclarea are not uncommon in most of 
Italy (3, 5, 8, 9, 12, 27), and S. viridis 
L. occurs in southern Italy (12), they 
are known by other names. How 
strictly limited the application of “ sal- 
via” was to certain members of the 
genus Salvia, and largely to S. officinalis 
in particular, may be judged from the 
fact that Pliny (N.H. 26.31) records 
only one use of the term as a secondary 
name for a member of another genus, 
specifically, his second type of “ bech- 
ion”, perhaps Verbascum lychnitis L. 
Theophrastus describes both odaxos 
and éAcAiog@axos as spineless wild under- 
shrubs (H.Pl. 6.1.4), but says that 
épawov Was sown later than cereals and 
pulses (H.Pl. 8.1.4) and at the 
time as sesame (H.PI. 8.7.3). The ac- 
counts of Dioscorides (3.35) and Pliny 


same 


(N.H. 22.146) confirm the fact that 
é\eXiogaxos Was not under cultivation. 


Similarly, both Dioscorides (3.135) and 
Pliny (N.H. 18.49,96) confirm Theo- 
phrastus’ references to the cultivation 
of dppwov. The total lack of references to 
“ salvia ” in the Latin writers on agricul- 
ture indicates that this type of sage was 
not cultivated in Italy. There is little 


doubt, therefore, that horminum clary, 
Salvia horminum, was the type of sage 
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cultivated by the Greeks and the Ro- 
mans. 

The ancient physicians have very lit- 
tle to say regarding the dietetic proper- 
ties of sage. Hippocrates (On diet, 2.45) 
speaks of épywov seed as nourishing, as- 
tringent and somewhat refreshing; and 
Galen (De alim. fac., 1.33) says that it 
was eaten in fried form like flax seeds 
and poppy seeds with honey mixed in, 
but was low in nutritive value. 

References to the use of sage as a sea- 
soning are very rare. X¢dxos is mentioned 
as a condiment by two comic writers 
(Alexis, in Athen. 4.170.b; Aristoph., 
Thesm. 486). “Salvia” is listed as a stock 
dry seasoning by Vinidarius (2). Wine 
was sometimes spiced with édcdicdaxos 
(Diose. 5.61; Plin. N.H. 14.111). There 
is some discussion of medical uses of 
sage in such authors as Dioscorides and 
Pliny, but no direct allusion to its em- 
ployment as a spice for food. Further- 
more, it is ignored by Athenaeus and 
wholly unmentioned in the cookbook of 
Apicius. The conclusion is therefore in- 
escapable that no type of sage played a 
role of any importance in fine cookery 
in the classical era. There is only the 
negative evidence of the fact that hor- 
minum clary was under active cultiva- 
tion, coupled with the knowledge that 
medical opinion generally favored the 
use of wild forms of a plant as being 
more efficacious than the cultivated. 
This suggests that horminum clary en- 
joyed a certain vogue in ordinary cook- 
ery, and that it was utilized in medica- 
ments and unguents. The other types 
of sage were probably gathered wild by 
country people and used to a limited ex- 
tent in rustie cookery. 
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have long been valued there, first by the ab- 
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tlers who have relished the sweet edible pulp 
of the fruits and have utilized the oil con- 
tained in them. 

Oil is obtainable from both the pulp and 
the kernel, and the latter has entered into 
the manufacture of soap in Paraguay for 
about 50 years. By 1951 anmial production 
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Abstract 


of the kernel oil reached 2,849 metric tons. 
Commercial production of pulp oil 
later and has not exceeded 1,125 tons in any 
one year. 

Prior to 1952 the kernel oil was used com- 
mercially only for the manufacture of soap, 
but that year the oil refined and 
marketed for edible use. The inferior pulp 
oil has been used only in soap. (K.S. Mark- 
ley, Jour. Amer. Oil Chem. Soc. 22: 405. 
1955). 
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Extraction and Utilization of Carotenes and 


Xanthophylls 


Commercial methods are described for extracting caro- 
tenes and xanthophylls from alfalfa, carrots and palm oil. 
Utilization of these carotenoids as vitamin A precursors 
and coloring agents in margarines, dough products, 
pharmaceuticals, stock and poultry feeds is discussed. 


EVERETTE M. BURDICK! 


Introduction 


Carotenes and xanthophylls are the 
principal oil-soluble yellow pigments of 
plants and animals. They have aroused 
the interest of botanists, biochemists and 
nutritionists for a long time, but recently 
have assumed industrial and economic 
importance. Additional interest resulted 
from the removal of Federal restrictions 
on marketing yellow-colored margarines 
in 1950, and then again in 1954 with re- 
moval of certain yellow and red edible 
dyes from the Federal approved list. 
Certain carotenoids are precursors of 
vitamin A in the animal organism, and 
this has resulted in their commercial uti- 
lization in pharmaceutical and nutri- 
tional products as well as animal feeds. 
All of the carotenoids supply a pleasing 
characteristic color to products contain- 
ing them. 

A number of interesting generaliza- 
tions regarding these pigments have been 
made. Vigor of plant growth appears to 
parallel carotene content. Mammals, in- 
cluding man, tend te store carotenes and 
excrete most xanthophylls. Carotenes 
accumulate in the fats and lipids of her- 
bivorous animals, imparting their color 
to them; on the other hand, xanthophylls 
are retained by birds. Fruits high in 
vitamin C are colored by carotenes and 
xanthophylls, while those otherwise col- 
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ored contain little of it. Vitamin C is 
also generally accompanied by chloro- 
phylls in certain fruits, e.g., oranges, 
which disappear as the fruit matures, 
while the carotenes, xanthophylls and 
vitamin C all increase (16). Yellowness 
of foods (butter, carrots, sweet potatoes) 
gives one a rough indication of their 
vitamin A content. Greenness of leafy 
vegetables also serves as a rough index 
on provitamin A content. It has been 
shown that the ratio of chlorophylls to 
carotenes to xanthophylls in fresh green 
leaves is quite constant throughout the 
plant world (58). 

Natural plant foods, such as carrots, 
yellow corn, sweet potatoes, spinach, 
broccoli, lettuce, tomatoes, alfalfa and 
various grasses, supply animals with most 
of their carotenes and xanthophylls. 
However, carotene has been synthesized 
in the laboratory, and commercial pro- 
duction began last year (25, 26). Syn- 
thetic vitamin A products have been 
available for some time. Synthetic xan- 
thophylls can likewise be expected in the 
near future. For the time being, at least, 
most of these yellow pigments are still 
extracted from plants and then separated 
from accompanying oil-soluble materials 
before they can be utilized in commerce. 

Commercially the carotenes are ex- 
tracted primarily from three souces 
carrots (Daucus carota), alfalfa (Medi- 
cago sativa), palm oil (from the nuts of 
Elaeis guineensis). Commercial xantho- 
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phylls generally result as by-products of 
some other operation and are derived 
from corn (Zea mays), alfalfa and palm 
oil. Annatto (Bizra orellana), pimiento 
peppers (Capsicum annuum) and saffron 
(Crocus sativus) are concentrated forms 
of carotenes and xanthophylls. 


Other Possible Sources 


Many sources other than the ones re- 
ferred to have been suggested and may 
some day be developed commercially. 
Among the more attractive at the mo- 
ment are sweet potatoes (55), various 
green leafy wastes (broccoli and beet 
tops), pine tree needles (50), citrus 
(11, 44), marine organisms (52), certain 
microorganisms like Chlorella and Clo- 
stridium roseum (15, 45), and even silk 
worm feces (24). 


Chemical and Physical Description 

Chemically the carotenes (C4oHs6) are 
highly unsaturated carotenoids, and the 
commercially important ones are beta- 
carotene and alpha-carotene. Gamma- 
carotene and the other 17 known isomers 
are of much less importance. The three 
isomers named are precursors of vitamin 
A, that is, they can be transformed into 
vitamin A in the animal body. They 
exist widely distributed throughout the 
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: ' Crystal 
Name Source aes 
appearance 
alpha- Carrots Dark red plates 
Carotene Alfalfa or pointed 


Palmoil prisms 
beta- Dark red 
Carotene plates 


Dark red 
to bluish 


gamma- 
Carotene 


delta- Gono- Small 
Carotene caryum reddish 
pyriforme needles 
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plant world. Cryptoxanthin is a vita- 
min A precursor and the only important 
xanthophyll having this ability. Delta- 
varotene, on the other hand, has no such 


activity. The structural formula for 
beta-carotene is: 

He AH, Ch CH ] 
He’ ‘C-¢=C-C=C-C=C-C=C-C= 
i-iw se H H H H H 

He. C 
‘ce ‘CH, 
L OM ~2 


its close relationship to vitamin A is 
asily seen from the following formula 
of the latter: 


Hc. LH, chy cH 
Hie’ ‘C-C=C-C=C-C=C-C=C-C-0H 
| |! HH HHH HH 
z ‘C ‘ : 
He 


The hydroxy, keto and hydroxy-keto 
derivatives of the carotenes are called 
“xanthophylls”. They generally are 
given names in allusion to some special 
property of their source, for example, 
cryptoxanthin (meaning hidden pig- 
ment), zeaxanthin (from Zea mays) and 
capsanthin (from Capsicum annuum). 
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Absorption Vitamin A 


Melting max. in CS, precursor «& 
pt. C. e 
my formula 
187 509 Yes 
477 CwHs 
184 521 Yes 
485 CwHse 
450 
178 533 Yes 
496 CwHse 
463 
172 526 No 
490 CwHss 
457 
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COMMERCIAL XANTHOPHYLLS 


: ' Crystal 
Name Source die 
appearance 
Lutein Alfalfa Ruby red 


prisms 


Golden 
orange 


Zeaxanthin Corn oil 


leaflets 
Crypto- Ground Reddish 
xanthin cherry violet 

prisms 
Bixin Annatto Violet 


needles 


Scarlet red 
leaflets 
Dark red 
carmine 
needles 


Crocetin Saffron 


Pimiento 
pepper 


Capsanthin 


Lutein or “ leaf xanthophyll ” is the prin- 
cipal yellow pigment with 
carotenes and chlorophylls in green plant 
material and is by far the most impor- 
tant xanthophyll. Leaf xanthophylls of 
some plants are now known to be mix- 
tures of at least 12 pigments. 

These pigments owe their deep colors 
to the large number of conjugated double 
bonds they contain—often 11 or more. 
The presence of chromorphiec groups, e.g., 
hydroxyl, carbonyl and carboxylic, in- 
creases the color. The carotenes and 
xanthophylls are readily soluble in com- 
mon fat solvents—ether, benzene, hex- 
ane, petroleum ether, chloroform, carbon 
tetrachloride, carbon disulfide. They 
are very insoluble in water, but some of 
the xanthophylls are soluble in alkaline 
solutions because of salt formation with 
carboxyl groups. Absorption curves of 
the pure pigments are quite character- 
istic and similar, which makes interpreta- 
tion difficult. Chromatographic methods 
for separating, identifying and assaying 
the various carotenoids are relied upon 
Dilute solutions tend to be more yellow- 
ish, while the more concentrated 
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ones 


Absorption Vitamin A 


ey max. in CS. precursor & 
pt. ; my formula 
195 508 No 
475 CwHs (OH). 
444 
215 517 No 
482 CwHs, (OH), 
450 
169 518 Yes 
483 CwHs(OH) 
453 
198 523 No 
489 CesHoe( COOH) 
(COOCHSs) 
285 482 No 
CysHa»(COOH), 
175 5 No 
5 CsxH»(OH). 
(CO) 


Carotenes and xan- 
thophylls give characteristic color reac- 
tions with antimony trichloride, concen- 
trated sulfuric acid, fuming nitric acid 
and bromine vapor. 


are reddish-orange. 


Alfalfa Processing 
Two essentially different 
have been used to extract carotene and 
xanthophylls from alfalfa on a commer- 
cial scale. The first comprises extraction 
with solvents and separation from accom- 
panying materials by distribution be- 
tween two immiscible solvents (10, 30). 
The second process depends upon their 
extraction from alfalfa by fat solvents 
and separation by chromatographic tech- 
nies (34, 46). The first method depends 
upon the use of selective solvents, while 
the second depends more upon the use of 
selective adsorbants and eluants. High- 
grade alfalfa which has been carefully 
dehydrated is the preferred form, mainly 
because of its ready availability and 
relatively high pigment content. Fresh 
green plants still offer an interesting 
challenge to processors. 
Extraction from Alfalfa Meal. 


processes 
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ground dehydrated alfalfa meals, selected 
for their high carotene and xanthophyll 
content, are extracted either in continu- 
ous equipment or batchwise with a suita- 
ble mixture of fat solvents, for instance, 
hexane, benzene, acetone, methanol, etha- 
nol, chloroform, ethylene dichloride, and 
perchloroethylene. Chlorophylls, caro- 
tenes and xanthophylls are the most im- 
portant plant materials extracted by 
these solvents. The exact composition 
of the extracting fat solvent mixture is 
adjusted to obtain a high degree of se- 


lectivity, that is, to dissolve out the 
desired constituents with a minimum 
quantity of the undesirable ones. Eco- 


nomic conditions determine the extent of 
the extraction. For example, it is possi- 
ble to extract a high-grade alfalfa meal 
with hexane and remove only a portion 
(50-60% ) of the carotene present, leav- 
ing practically all of the chlorophyll and 
xanthophyll. Such a process produces, 
after removal of the solvent, an extracted 
alfalfa meal that for all practical pur- 
poses compares favorably with average 
commercial dehydrated alfalfa meals. 
On the other hand, a solvent blend con- 
taining 10-20% acetone and 80-90% 
hexane will exhaustively extract these 
plant pigments. Often it is desirable to 
extract first with one solvent, and then 
with another, in order to increase further 
the selectivity of the extraction process 
(58). Thus the types of products and 
by-products to be produced govern al- 
most completely the choice of fat solvent 
and the technic used for the extraction. 
The yellow pigments are unstable toward 
oxidation, heat, exposure to light, and 
acidity; and measures must be taken to 
prevent damage to them by these impor- 
tant factors. The crude extracts thus 
obtained contain the carotenes, xantho- 


phylls and chlorophylls, fats, oils, waxes, 
phospholipids and sterols that must be 
separated (6). 

Separation by Solvent Extraction. 
These separations are effected through 
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the use of selective solvents and certain 
precipitative agents (Fig. 1). The for- 
mer relies on the partition coefficients of 
the materials involved when they are 
dissolved and distributed between two 
immiscible solvents. More simply stated, 
the carotenes are more soluble in hydro- 
carbons than in 90% methanol; they will 
thus concentrate in the hydrocarbon 
phase. Likewise, the xanthophylls are 
more soluble in 90% methanol than in 
hydrocarbons; they will thus concentrate 
in the methanolic phase. Satisfactory 
separations can be made by using the 
proper solvents and repetition of the 
process a number of times. If chloro- 
phyll is present, it is best removed by an 
alkaline hydrolysis that converts it to 
water-soluble derivatives which then can 
be completely extracted with water. The 
crude carotene-xanthophyll obtained by 
incomplete evaporation of the solvent is 
completely saponified with an excess of 
a supersaturated solution of potassium 
hydroxide in methanol. This reaction is 
exothermic and heat must be removed. 
When the reaction is complete the ma- 
terial is transferred to a larger extrac- 
tion vessel, where additional hexane is 
used to extract the non-saponifiable por- 
tion. The extract is separated and 
washed or extracted with water to re- 
move completely the water-soluble ma- 
terials. Naturally these aqueous extracts 
are treated to recover solvents. The re- 
maining solvent, mainly hexane, is re- 
moved by evaporation, leaving, besides 
the carotenes and xanthophylls, waxes, 
phospholipids, sterols and phytol split 
from the chlorophylls. Final traces of 
the solvent are removed by means of 
an open boil-off kettle. The waxes (6) 
and phospholipids are precipitated by 
acetone, and filtered from the solution. 
Evaporation of the acetone in steam- 
jacketed stills produces a concentrated 
dewaxed carotene containing large quan- 
tities of xanthophylls and phytol, and 
recovers the acetone; additional acetone 
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is recoverell from the wax-phospholipid 
filter cake. Dewaxed carotene is ex- 
tracted with aqueous methanol (90-95% ) 
to separate the xanthophylls and phytol. 
A crude xanthophyll-phytol paste results 
upon distillation of the methanol, which 
is suitable for marketing in feedstuffs. 
Phytol can be recovered from this mate- 
rial by application of high vacuum tech- 


nics. Carotene paste is the residue re- 
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liquors. Pure carotene crystals are gen- 
erally packed in tins in an atmosphere 
of nitrogen or carbon dioxide, dis- 
solved and suspended vegetable oils 
for marketing. 

The foundations for all present day 
methods of isolating carotenes and xan- 
thophylls from green leaf sources were 
laid by the fundamental work of the 
Nobel Prize winner, Willstatter (58). 
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sulting from the methanolic extraction 
and removal of the solvent. The result- 
ing carotene paste is rich in carotenes 
and is suitable for certain applications. 
Carotene crystals, assaying in excess of 
85%, are obtained by crystallizing them 
directly from an isopropanol solution of 
the carotene paste. Carotene crystals 
are removed by filtration and washed 
with pentane. Additional crystals can 


be obtained reworking the mother 


by 


carotene 
Copyright 1954 by the 


xanthophyll and phytol. (Reprinted from 


American Chemical Society and re- 


These were then improved by a govern- 
ment chemist, Shertz, point where 
commercial production was possible (47, 
48, 49). 

Separation by Chromatography. The 
original crude extracts from alfalfa meals 
are concentrated to approximately one- 
tenth their 1000 
gamma of per milliliter, in a 
vacuum operating under 
about mereury, which 


to a 


volume, or to about 
carotene 
evaporator 


15 inches of re- 
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covers the solvent (46). These concen- 
trated solutions of carotenes, xantho- 
phylls, chlorophylls, waxes, fats, phos- 
pholipids and sterols are passed up 
through chromatographic columns con- 
taining activated carbon, upon which the 
pigments are adsorbed in chromato- 
graphie bands in order of their adsorp- 
tion affinities. Chlorophylls have the 
strongest affinities and are adsorbed at 
the bottom of the columns, xanthophylls 
next and carotenes uppermost. The fats, 
waxes, phospholipids and sterols pass 
through the columns, and the process is 
stopped when yellow carotene is observed 
in the discharging solution. When the 
adsorption process is completed, the pig- 
ments are eluted or washed off the car- 
Carotenes and xanthophylls are 
eluted through the tops of the columns. 
Chlorophylls are removed by reversing 
the flow, so they are washed out of the 
bottoms of the columns. In order to de- 
velop the chromatographic bands it is 
necessary to use fresh or pigment-free 
solvent (51). Fresh hexane is then added 
to develop and elute the carotenes. When 
all of the carotenes have been eluted, 
the solvent remaining in the columns is 
drained off for reworking. 

Xanthophylls and chlorophylls still re- 
main adsorbed on the carbon in the col- 
umns. Xanthophylls are eluted by pass- 
ing hexane containing a small amount of 
isopropanol (51) up through the columns 
until completely removed. Complete re- 
moval of the solvents from the eluates 
produces xanthophyll concentrates that 
are standardized by dilution with vege- 
table oils. 

Chlorophylls are finally removed by 
reversing the flow, that is, by passing ¢ 
warm mixture of benzene and isopropa- 
nol down through the columns. The 
chlorophyll eluate is cooled immediately 
to prevent deterioration. Various chloro- 
phyll derivatives are produced from these 
solutions. 

The carotenes thus separated are re- 


bon. 
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chromatographed, using benzene-iso- 
propanol solutions. Vacuum evaporation 
of all remaining solvents produces a feed 
grade carotene concentrate containing 
12-20 million units per pound. This can 
be diluted and standardized with vegeta- 
ble oils to contain about five million 
units per pound. The most practical 
method so far developed that will com- 
pletely remove all objectionable tastes 
and odors from concentrates from alfalfa 
is to produce carotene crystals. This 
obviously increases the cost of these prod- 
ucts by increased carotene losses and the 
need for additional processing. Caro- 
tene crystals are obtained by dissolving 
the concentrate in warm benzene, filter- 
ing and evaporating to form a solution 
supersaturated in respect to carotenes. 
The solution is chilled by applying a 
vacuum, whereupon crystals of 60-70% 
purity form. Recrystallization produces 
crystals of 90% purity or higher. 

The ready availability of green leaf 
materials in their many forms which can 
be processed similarly to alfalfa has 
prompted much research on the isolation 
of carotenes and xanthophylls. Most of 
the processes have been developed in the 
laboratory only, and depend upon the 
use of other selective adsorbants or spe- 
cial combinations of solvents. A radial 
chromatographic system using tricalcium 
phosphate looks promising (36). Barium 
hydroxide octahydrate has been reported 
to be a most efficient adsorbant for sepa- 
rating chlorophyll (42). Magnesia, lime- 
stone, bauxite and lime have been sug- 
gested as suitable adsorbants; certain 
acidic compounds and some activated 
‘arbons either destroy the carotenes or 
adsorb them so tenaciously they cannot 
be removed (56). 

Extracted alfalfa meals are excellent 
sources of protein for feeds; however, 
due to their lack of fats and oils, they 
tend to dust. This difficulty is generally 
overcome by reoiling or pelletizing. 
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Carrot Processing 

Fresh carrots are preferred as the raw 
material, since dehydration always pro- 
duces a big loss of carotene. Further- 
more, the percentage of beta-carotene is 
somewhat higher; it is this carotene that 
is most desirable because of its higher 
biological value. Xanthophylls and chlo- 
rophylls do not complicate the processing 
of mature carrots. These facts, along 
with the high carotene content and low 
fatty impurity content, account for their 
being the raw material of preference for 
commercially extracting carotenes. Iso- 
lation of carotene from carrots is fairly 
simple compared to alfalfa processing, 
and this accounts for the multiplicity of 
processes used. 

One of the most important commercial 
involves extraction directly 
form fresh carrots (4). Carrots specially 
bred and grown for their high carotene 
content are generally used, but culls from 
the fresh packing sheds are often utilized. 
The carrots are macerated and sprayed 
with just enough water, about 500 gal- 
lons per ton of carrot pulp, to wash out 
the pigment in the form of a milk. These 
aqueous suspensions are coagulated or 
precipitated by adjusting their pH’s to 
about 3-4.5 with hydrochloric acid and 
heating. The coagulum is separated by 
allowing it to settle, after which most of 
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the water is removed by decantation and 


the remainder by filtration. Inert filter 
aids are generally added to facilitate set- 
tling, filtration and subsequent extrac- 
tion operations. From here on the proc- 
essing can be directed in several differ- 
ent ways, depending upon the products 
desired. The filter cakes can be extracted 
with vegetable oils directly to produce 
highly concentrated carotenes in oil. If 
hot oils are used, they can be made con- 
centrated enough to precipitate crystals 
directly upon cooling. If the filter cakes 
are dried in vacuum, they can be used 
as such or extracted later to produce 
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crystals other concentrated 
forms. 

In another variation of this process 
the fresh carrots are pulped and then 
treated with a 1-10% lime slurry, which 
demethylates and coagulates the pecti- 
nous matter present. The mass can then 
be pressed, and here most of the caro- 
tenes remain in the pulps, which can be 
extracted by conventional methods to 
produce various forms of carotene con- 
centrates. However, if the carrots are 
pulped without treating with alkaline 
earths and pressed, most of the carotenes 
can be recovered in the press juices. 
After adjusting the pH of the press juices 
to about 3, a foam or scum is made to 
float to the top by heating to 85-90°C. 
These foams are recovered and dried to 
form carotene concentrates that 
used directly or further extracted to pro- 
duce the more highly concentrated forms. 

Dehydrated carrot meals are often ex- 
tracted with one of the common fat sol- 
vents, especially during those periods 
when fresh carrots are not available. 
Complete removal of the solvents by 
evaporation or distillation produces a 
carrot oil which has been available for 
many years as a carotene concentrate. 
Carotene crystals are produced from car- 
rot oils by dissolving them in normal 
propanol and allowing to crystallize (3). 

Another interesting process for pro- 
ducing a “ water-soluble carotene ” 
sists of extracting fresh carrot peelings 
with 95% ethanol (29). The alcoholic 
extract is filtered and treated with a 
small amount of calcium hydroxide and 
allowed to settle. The precipitate is 
separated and extracted with more etha- 
nol. After adjusting the pH to neutral- 
ity and removing any additional pre- 
cipitate by filtration, the filtrate is frozen 
and dried to produce a “ water-soluble 
carotene-containing complex ”. 
bly the latest commercial process to re- 
carotene from carrots depends 
upon a physical extraction, the details 


or more 


can be 


con- 


Proba- 
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of which are not available, but it is 
claimed to be entirely mechanical and to 
produce carotene products entirely free 
of solvent impurities common to many 
products. 

Carrot pulps remaining after the caro- 
tene has been extracted are dehydrated 
to produce feedstuffs generally high 
enough in carotene to be useful ad- 
juvants. 


Palm Oil Processing 


Carotenes and xanthophylis are ex- 
tracted from palm oil in many countries 
throughout the world, where it is con- 
sumed in large quantities for the manu- 
facture of soaps, margarines and cooking 
fats. The yellow carotenoid pigments 
are thus obtained as valuable by-prod- 
ucts of these operations. Palm oil is de- 
rived from the fleshy mesocarp of the 
fruit which grows in dense clusters weigh- 
ing 10-30 pounds, by pressing or solvent 
extraction technics. The red palm oils 
obtained by solvent extraction are pre- 
ferred to the pressed or expelled oils be- 
cause they contain more carotene—often 
four times as much (1). In color the 
palm oils range from a light orange to a 
dark brown, and in consistency from a 
soft paste to that of tallow. Palm oil 
contains xanthophyll (lutein), so it can 
be produced also (22, 23). The ratio of 
alpha-carotene to beta-carotene is gen- 
erally higher in products obtained from 
palm oil than in those from carrots or 
alfalfa. This makes palm oil somewhat 
less desirable as a source of carotenes, 
but its economic availability weighs 
strongly in its favor. 

In the most common process, palm oil 
is saponified with an excess of strong 
alkali in a vacuum (about 15 inches of 
mercury) with vigorous agitation. The 
reaction is exothermic and the vacuum 
serves to remove both heat and water. 
Temperatures of 80° C. and above should 
be avoided. Water-absorbing salts are 


generally added to assist in graining the 
soap. 


The object of this operation is to 
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produce a soapy mass in a finely divided 
state. In this form the carotenes and 
xanthophylls can be extracted with most 
any of the common fat solvents. The 
soap is desolventized after separating 
the extract. Distillation of the solvent 
from the clarified extract produces a 
carotene concentrate that can be fur- 
ther processed, that is, to crystals or 
other higher concentrates (32, 53, 54). 

Although less important industrially, 
many other processes for extracting caro- 
tenes from palm oil have been developed. 
For example, palm oil can be treated 
with low molecular weight alcohols to 
form esters of the fatty acids present. 
These esters can then be removed by 
high vacuum distillation after first re- 
moving the glycerol formed by the al- 
coholysis. Carotene is thus concentrated 
in the residue (14). Such distillation 
residues can be saponified, solvent ex- 
tracted, and the carotenes finally isolated 
in pure form by chromatography (1). 
Carotene can be extracted from palm oil 
by molecular distillation technies (20). 
After first converting the carotene com- 
plexes in palm oil to lower molecular 
weight carotene by heat treatment (200— 
500° F. for 10 minutes), carotene can be 
extracted with propane under pressure 


(41). Certain high molecular weight 
rubber-like polymers absorb carotenes 
from palm oils (7). Strong mineral 


acids form complexes with carotenes in 
palm oil which can be used for their 
separation (33). Urea forms complexes 
with the fatty acids of palm oil in ether 
and alcohol solutions that are insoluble 
and precipitate, leaving a solution of 
‘arotenes (31). Finally, palm oil dis- 
solved in hydrocarbons can be treated 
with iodine to form carotene iodide, 
which after separation can be recon- 
verted to carotene by sodium thiosulfate 


(2). 
Corn Processing 


Yellow corn is processed into a verita- 
ble myriad of products, one of which is 
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xanthophyll corn oil. It is a highly 
colored oil produced as a by-product in 
the refining of corn gluten meals. Zea- 
xanthin is the principal pigment coloring 
in the oil; it is a dihydroxy xanthophyll 
quite similar to lutein, although it is re- 
ported to be less effective in coloring 
chickens. The oils contain approxi- 
mately 0.5% xanthophylls, which are 
somewhat difficult to separate and con- 
centrate further on an economical basis, 
so it is marketed as such. 


Pimiento Peppers Processing 

Pimiento peppers are cultivated pri- 
marily for canning purposes, and a fair 
volume of culls results from these opera- 
tions. Cull pimiento peppers are dehy- 
drated carefully to retain the color, 
ground to meals, and marketed as xan- 
thophyll concentrates. Capsanthin is 
the principal pigment in these products; 
it is a dihydroxy-keto xanthophyll with 
an excellent dark red color. Cull pi- 
miento peppers would be a good com- 
mercial source for xanthophylls if the 
supply were larger and more dependable. 
It is often suggested that cull tomatoes 
and waste products from tomato canning 
operations be similarly handled, but, un- 
fortunately, the principal pigment is 
lycopene which lacks the ability to color 
animal and poultry flesh and is neither a 
xanthophyll nor a vitamin A precursor. 


Annatto Processing 


Annatto or annatta has been used for 
centuries by natives for coloring pur- 
Bixin is the chief xanthophyll of 
this coloring material obtained from the 
reddish pulp surrounding the seeds of the 
fruit of a tree (Bira orellana) native to 
South America but also cultivated in 
tropical Asia and Africa. In Brazil the 
fruit is ground with water and strained, 
then allowed to settle. The insoluble 
portion is dried in the form of flat cakes. 
Another primitive method, in which the 
fruit is first allowed to undergo a natu- 
ral fermentation before separation of the 
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insoluble portion, is employed in French 
Guiana. This process greatly enhances 
the tinctorial strength of the dye, but 
imparts a disagreeable odor to the prod- 
uct. Annatto of commerce is a brown- 
ish-red, varying in consistency from a 
soft to a brittle solid. It is relatively in- 
soluble in water, but soluble in alkaline 
solutions and alcohols. 


Saffron Processing 


Saffron is obtained from the stigmas 
and style tips of the perennial crocus 
(Crocus sativus) cultivated mainly in 
Spain for is medicinal, coloring and 
flavoring properties. The coloring action 
of saffron is due primarily to the xan- 
thophyll, crocetin, which is present in it 
as the digentiobioside, crocin. This gly- 
cosidal xanthophyll is readily soluble in 
water; hydrolysis liberates the crocetin 
insoluble. Crocetin is quite 
alcohols and .alkaline solu- 


which is 
soluble in 


tions, just as most of the other xantho- 
phylls containing carboxylic groups. 


Uses 


Carotene crystals are the purest form 
and naturally the most concentrated 
(12). Six-tenths of one gram (0.6 gram) 
is equivalent to one million units of vita- 
min A. Thus about 2.4 milligrams of 
carotene supply 4000 units of vitamin A 
activity or the human adult minimum 
Carotene crystals of 
beta-carotene. 


daily requirement. 
commerce are mainly 
The crystalline carotenes find applica- 
tions in many pharmaceutical, cosmetic 
and dietary products. When dissolved 
and suspended in oil, carotene crystals 
are more stable to oxidation than the 
synthetic vitamins A or natural vitamin 
A in fish oils. Carotene can be stored by 
the animal body in its lipid tissues for 
later use, whereas vitamins A are not 
stored. Massive doses of carotene can 
be administered without fear of hyper- 
vitaminosis A due to overdosage. Syn- 
thetic have the 
same Although 


carotenes, of course, 


desirable properties. 
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carotene crystals can be produced com- 
mercially, assaying in excess of 95%, 
they generally assay lower because of 
their susceptibility to isomerization. 
Crystalline carotenes from alfalfa and 
carrots are quite comparable biologi- 
cally, while those from palm oils re- 
portedly have a higher alpha-carotene 
content. 

Carotene pastes, consisting of dis- 
solved and suspended crystals in vege- 
table oils, comprise the form in which 
most of the commercial carotenes are 
marketed. These products offer caro- 
tenes in a highly concentrated form in 
which the concentration can be stand- 
ardized and stabilized (5). Carotene 
pastes find their biggest market in the 
manufacture of margarine where they 
are added at a rate of about 15,000 units 
per pound to supply both vitamin activ- 
ity and color. Vitamin A, synthetic or 
natural, will not color margarines and 
other foods where it is desirable. This 
use has developed into a major market 
that should consume large quantities of 
the highly refined food grade carotenes 
for some time. The natural color of 
butter and cream is due to carotene, and 
it is only logical that earotenes should 
be used to fortify and color butter, es- 
pecially during those months when pas- 
tures are not available for grazing. 
These food-grade carotenes must be en- 
tirely free of all objectionable tastes and 
odors, two rather difficult requirements 
to meet. They are used in cheeses, 
dough products, cooking oils, mayon- 
naises, salad dressings, pharmaceuticals 
and cosmetics. 

Carrot oil is a carotene concentration 
supplying both color and vitamin A ac- 
tivity equivalent to about 25,000 units 
per gram. It finds uses in food products 
requiring butter and egg yolks. It also 
is employed in pharmaceuticals, cos- 
metics, health foods, cakes, custards, 
doughnuts, noodles, macaroni, cheeses, 
creams, salad oils and cooking fats. 
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Large quantities of carrot oil were for- 
merly used to fortify animal feedstuffs— 
stock, poultry and dog foods. 

Crude carotene concentrates are used 
mainly in feedstuffs where their nutri- 
tional significance has long been recog- 
nized. Most stock feeds contain little 
carotene, except that supplied by yellow 
corn, thus they are generally fortified to 
supply between 100 and 300 milligrams 
of carotene daily or its equivalent (13). 
Adequate carotene in feedstuffs supplies 
not only the vitamin A requirement but 
also color to the fatty tissues. The fine 
finish put on beef by yellow corn is 
largely due to the characteristic yellow- 
ish fat coloring ability of carotene. 
Stock and poultry feeds are fortified with 
carotenes to increase fecundity (40). 
Cattle require about 90 micrograms of 
carotene per pound of body weight per 
day throughout the gestation period to 
prevent abortion (43). The recom- 
mended daily carotene intake for sheep 
is 100-140 micrograms per kilogram of 
body weight; for poultry it is 1200-1980 
micrograms; for pigs it is 2000 micro- 
grams per 50 pounds of body weight; for 
lactating sows and breeding boars it is 
40,000 micrograms; for cattle it is 5,500 
micrograms per 100 pounds of body 
weight; and for maintenance of dairy 
cattle it is 6,000 micrograms per 100 
pounds of body weight. Most crude 
carotene concentrates contain significant 
quantities of xanthophyll, which appar- 
ently are not needed in stock feeds. 

Carotene-xanthophyll concentrates are, 
relatively, newcomers to this field, yet 
many natural foods owe much of their 
popularity to the appetizing appearance 
produced by these carotenoids. It has 
already been mentioned that the natural 
color of butter is due to the carotenes— 
mainly beta carotene. Egg yolks are 
yellow because they contain primarily a 
mixture of lutein and zeaxanthin with 
lesser amounts of cryptoxanthin and 
beta-carotene; the relative amounts pres- 
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ent are directly determined by the pres- 
ence of these carotenoids in the rations 
fed the hens (17, 18, 39). Certain vari- 
eties of durum wheats yield doughs, such 
as macaroni and spaghetti, that have 
better color than others, i.e., more yel- 
low; this is due to the amount and ratio 
of the various xanthophylls present. The 
pigments of flours made from these 
wheats are almost exclusively hydroxy 
sarotenoids, lutein being the most abun- 
dant, with lesser amounts of taraxanthin 
and isolutein (27,28). The yellow flava- 
noids of wheat are mainly in the bran. 
The action of lipoxidase to effect peroxi- 
dation of the xanthophylls along with 
other enzymatic processes causes partial 
destruction of them during dough mix- 
ing. This is especially important in the 
vase of semolina (28). Color gormerly 
was added to such products by using egg 
yolks at considerable cost. Carotene- 
xanthophyll concentrates are finding 
ever increasing outlets for this purpose, 
especially in foreign countries where 
food laws are more lax. These naturally 
occurring pigments have been used with- 
out harmful effects for a long time and 
are surely safer than some of the syn- 
thetic food dyes, such as those yellows 
and reds recently removed from the ap- 
proved list. Between 1 and 1.6 milli- 
grams of carotene will give as much 
color to one pound of dough as one egg 
(38), which indicates the economic sig- 
nificance of this use. It 


is much more 
economical and logical to add carotenes 
and xanthophylls directly to doughs like 
macaroni and spaghetti than to take the 


less efficient round-about route of first 
feeding them to hens and then using the 
egg yolks layed by them. Most of the 
products in this class are manufactured 
to the user’s specifications regarding 
carotene and xanthophyll concentrations 
and ratios. Their use is indicated wher- 
ever the special physical properties of 
egg yolks are not a prerequisite, and 
they serve as ingredients in ice cream 
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mixes, mayonnaises, salad oils, noodles, 
spaghetti, macaroni, and so on. 

Xanthophyll concentrates are used in 
poultry feeds to insure sufficient carote- 
noid content to effect satisfactory color- 
ation of the egg yolks, fatty tissues, 
shanks, beaks, livers and feathers char- 
acteristic of healthy birds. The bio- 
logical role of the xanthophylls is not 
exactly clear, yet cryptoxanthin is a pre- 
cursor of vitamin A. They are known 
to play an important role in the colora- 
tion of crustaceans, fish, frogs, snakes, 
chameleons and birds. The former are 
interesting, but the latter are economi- 
‘ally important. The xanthophylls ap- 
pear to be quite important pigments to 
fowls as they are always present in their 
eyes, livers, fatty tissues, blood serum, 
eggs, skin and frequently their feathers. 
The ability of crystalline luetin to effect 
this coloration has been clearly demon- 
strated. Xanthophylls from other sources, 
e.g., red peppers and yellow corn, like- 
wise are effective in coloring the various 
tissues of fowl (9, 19, 21, 37). Canaries 
consume considerable quantities of lutein 
which they store in their livers, fats and 
egg yolks; they also transform it into 
another xanthophyll called “ taraxan- 
thin’, a pigment layed down by their 
growing feathers (8). Commercial prod- 
ucts are marketed on a xanthophyll con- 
tent. The xanthophyll unit is generally 
defined so that one gram of lutein is 
equivalent to one million units. Poultry 
feeds containing only ten milligrams of 
xanthophyll per kilogram should be con- 
sidered deficient, while those containing 
as much as 50 milligrams per kilogram 
are definitely adequate. 

Crystalline xanthophylls are not 
available commercially, but lutein can 
be recovered in large quantities from the 
methanolic solutions used to separate it 
from earotenes which result from chloro- 
phyll processing. Lutein can be crystal- 
lized from hot alcoholic solutions with 
ease, provided the purity is sufficiently 
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high, and could be produced in large vol- 
ume if a market for it should develop. 

Probably the largest use of the xan- 
thophylls, including those from yellow 
corn and cull pimiento, is in poultry 
feeds, especially in broiler finishing 
mashes where it is desirable to produce 
the characteristic deep yellow-orange 
coloration. Annatto xanthophylls find 
their greatest use in coloring foods— 
cheeses, butters, margarines—and as a 
substitute for saffron in pharmaceuticals. 
Saffron is used extensively in pharma- 
ceuticals for its flavoring and coloring 
properties; in exanthematous diseases to 
promote the eruption, but only its color- 
ing ability can be attributed to the xan- 
thophyll crocetin. 

Extraction and utilization of carotenes 
and xanthophylls on a commercial scale 
is relatively new, but a great deal has 
been learned and sufficient advances have 
been made along both lines to expect an 
ever increasing activity in the future. 
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Untersuch- 


West Indian Cherry—Richest Known Source of 


Natural Vitamin C 


This fruit yields from 1000 to 4000 milligrams of ascorbic 


acid per 100 grams of edible matter. 


It is a potential 


source of natural Vitamin C which can be exploited 
to great advantage by canning and other processing 


industries. 


CARLOS G. MOSCOSO 1 
University of Puerto Rico, Agricultural Experiment Station, 
Rio Piedras, P. R. 


The West Indian cherry (Malpighia 
puncifola L.)*, formerly a neglected 
and little known fruit, has recently been 
receiving widespread attention and ac- 
claim as a potential commercial source 
of natural vitamin C. All of this pub- 
licity and current interest in the cultiva- 
tion of this plant is due to one outstand- 
ing fact, namely, that the West Indian 
cherry is the richest known natural 
source of ascorbic acid. This fact was 
first brought to the attention of the pub- 
lic by Asenjo and Freire de Guzman in 
1946 (4) after their initial experiments 
in 1945 at the School of Tropical Medi- 
cine in San Juan, Puerto Rico. 

These preliminary experiments showed 
that the West Indian cherry has an 
amazingly high ascorbic acid content (4). 
Subsequent work done by Dr. Asenjo and 
co-workers at the School of Tropical 
Medicine, as well as extensive research 
at the Agricultural Experiment Station 
in Rio Piedras, Puerto Rico, have con- 
firmed the original findings and have 
indicated the vast potentialities, from 


1 Assistant Geneticist, Department of Plant 
Breeding. 

2The West Indian cherry in Puerto Rico, 
sometimes called “ Puerto Rican cherry ”, has 
occasionally been identified as M. glabra. 
Some confusion still exists. See subsequent 
description of the genus 
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both a medical and an economic stand- 
point, of the cultivation of this crop (3, 
11). 

History 

The exact origin of the West Indian 
cherry is not known (11). We can 
assume that it originated in the Carib- 
bean area, in northern South America or 
Central America or in the islands of the 
West Indies where the species is found 
today. It is believed that the seeds of 
the “cherries” may have been trans- 
ported from island to island by migrant 
birds. Also, it is quite possible that the 
former Indian inhabitants of these Carib- 
bean countries may have been responsi- 
ble for carrying seeds or young plants 
from one island to another. Undoubt- 
edly the fruit of the West Indian cherry 
had been eaten and enjoyed for centuries 
by the natives of these lands before the 
coming of the white man. 

The early Spanish explorers found this 
fruit to be popular among the Indians. 
In fact the colonists were so impressed 
by its bright red color and size, which 
reminded them of their cherry trees at 
home in Europe, that they called the fruit 
“ cereza ’ which is the Spanish name for 
“cherry”. It is believed that the plant 
was introduced into Florida. from Cuba 
sometime in the late nineteenth century, 
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for it was listed in an 1887-88 nursery 
‘atalogue (10). However, it was not 
recognized as an edible fruit in the 
United States until as late as 1903. Since 
that time the tree has become almost as 
popular as a backyard fruit plant in 
southern Florida as in Puerto Rico and 
the other Caribbean islands. 


The Genus Malpighia 


In the past there has been considerable 
confusion and difference of opinion in re- 
gard to the scientific name of the West 
Indian cherry. Evidently this confusion 
has arisen from the similarity in the de- 
scriptions of the two species, M. punici- 
folia and M. glabra. The genus Mal- 
pighia was named in honor of the Italian 
botanist, Marcello Malpighi (1628-1693) 
(1). 

The West Indian cherry in Puerto 
Rico has been identified as Malpighia 
punicifolia L. (3) by various outstanding 
botanists at Harvard University and the 
New York Botanical Garden, as well as 
Mr. J. I. Otero of the Agricultural Ex- 
periment Station of the University of 
Puerto Rico and Dr. Ismael Vélez (Poly- 
technic Institute, San German, P. R.). 

In order to aid in clarifying this matter, 
Britton and Perey’s (7) excellent de- 
scription of M. punicifolia L. is quoted 


here: 
“ Malpighia punicifolia, L. Sp. P. ed 2, 
609. 1762. 
M. punicifolia lancifolia Nds. Gen. 
Malp. 8. 1899. 
M. punicifolia vulgaris Nds. Gen. 
Malp. 8. 1899. 
M. punicifolia obovata Nds. Gen. 
Malp. 8. 1899. 


A shrub or small tree. Leaves elliptic, 
oblong, or obovate, or narrowly oblance- 
olate, 2-7 em. long, 0.84 em. broad, ob- 
tuse, or rounded and often emarginate at 
the apex, acute or cuneate at the base, 
glabrous when mature, the petioles 1.5-4 
mm. long; cymes sessile or short-pedun- 


cled, the branches usually pubescent; 
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sepals ovate, 2.8-3 mm. long; pubescent; 
petals pink or violet, the larger ones up 
to 9 mm. long; drupes globose, ovoid, or 
subglobose, 1-1.6 em. in diameter. (M. 
glabra of Millspaugh, not of Linnaeus) ”’ 

The Puerto Rican cherry selections 
apparently correspond closely to this de- 
scription; but at the present time some 
doubt and confusion still exist as to the 
positive identity of this plant. Mr. Roy 
Woodbury and Dr. Anand Sawant, Tax- 
onomist and Horticulturist, respectively, 
in the Department of Geneties at the 
Agricultural Experiment Station in Riv 
Piedras, P. R., are working on this prob- 
lem. They have suggested that the West 
Indian Cherry may possibly be a hybrid 
of M. punicifolia and M. glabra. It will 
be interesting to note Mr. Woodbury and 
Dr. Sawant’s conclusions. Perhaps the 
long dispute between M. punicifolia and 
M. glabra will end in a compromise. 


Botanical Characteristics of the 
West Indian Cherry 

The West Indian cherry is a small 
bushy tree, native, as indicated by its 
popular name, to the tropical and semi- 
tropical regions of the Western Hemi- 
sphere. It is distributed in 
South America, in the Central American 
countries, throughout all the West In- 
dian islands from Trinidad to Cuba, and 
in Florida and Texas. Other popular 
names for the West Indian cherry are: 


northern 


“Puerto Rican cherry”, “ acerola ”’ 
‘eereza’’, “ Barbados cherry”, “ Suri- 
nam cherry”, and “chereese”. The 


West Indian cherry should not be con- 
fused with the Surinam cherry, Eugenia 
uniflora, although the fruits are similar. 
The Surinam cherry is usually nine- 
ridged or fluted. Nor should the West 
Indian “ cherry” be the 
true cherry, Prunus avium, which is 
The true 
cherry is smooth and not lobed, whereas 
the West Indian cherry is usually three- 
Fruit shape varies from oval to 
like) in different 


confused with 


grown in temperate climates. 


lobed 


sub-globose 


(apple 
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clones. Some are prominently three-, 
six-, or even nine-ridged. There is one 
form with a triangular to circular 
shoulder on the stem end. 

In Puerto Rico, under normal climate 
and soil conditions, the West Indian 
cherry tree attains an average height of 
from ten to 15 feet. The tree has rela- 
tively deep penetrating roots and is gen- 
erally very hardy, adapting itself to poor 
soil conditions. The trees vary con- 
siderably in their habit of growth, but 
the typical trunk is short and slender, 
18 to 24 inches in height, and approxi- 
mately three to four inches in diameter. 
In many instances the tree will send out 
suckers or spur-like side branches from 
the main trunk. If these branches are 
not pruned when the tree is young, they 
will develop into thick woody branches, 
causing the tree to have the appearance 
of a large bush. In almost all cases the 
tree produces branches very thickly. 

The bark of the West Indian cherry is 
slightly rough to the touch and is gray- 
ish-brown. The leaves are borne on very 
slender short twigs, growing out from the 
larger branches. Some varieties have 
very dark green leaves, while others have 
light green leaves which have a drooping 
appearance. The upper surface of the 
leaf is always a deeper green than the 
under surface. The leaves are usually 
from one to two inches in length, one- 
half to three-fourths inch wide, and 
elliptic to obovate in outline. 

The buds are small, arranged singly 
and in clusters on slender short stems. 
The five-petalled flowers are also very 
small, about three-fourths inch in diam- 
eter when fully opened. The flowers 
range in color from a very pale pink to 
deep pink. Occasionally different colored 
flowers will be found on a single tree. 
Flowering does not follow a set pattern, 
but depends on the weather. As a conse- 
quence, the West Indian cherry varies 
from one year to the next in the amount 
of fruit it will bear. In Puerto Rico 
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most mature trees will bear fruit three or 
four times a year, which is a good aver- 
age. Certain selections, under ideal 
weather conditions, may bear up to as 
many as seven crops in one year. In 
mature trees, under normal conditions, 
an abundant yield may be expected each 
year. Some trees in Puerto Rico have 
been observed in almost continuous pro- 
duction throughout the year. 

Fruit size depends on a number of fac- 
tors: selection or clone, rainfall, irriga- 
tion, and application of fertilizer. The 
fruit is soft and juicy when ripe, and 
usually pleasantly tart in flavor. Some 
clones are quite sweet, others extremely 
acid. The “ cherries”’ are thin-skinned 
and very easily bruised. The color of 
the fruit varies from green to yellowish- 
orange, and finally to deep crimson when 
the “ cherries” are fully ripe. The fruit 
is borne singly or in clusters. Usually 
three seeds are found in each “ cherry ”, 
although I have seen as many as six 
(11). The seeds are small, each one en- 
closed in a yellow pitted “stone”. Ap- 
proximately 80 percent of the fruit is 
edible. Many persons have noted that 
the West Indian cherry is similar to the 
northern crab apple in flavor. Evidently 
this similarity is due to the presence of 
malic acid. The total liquids in the fruit 
average at least 80 percent; but the juice 
that can be extracted from ripe fruit 
averages about 73 percent by weight. A 
higher extraction level can be obtained 
by using a hydraulic press (2). 


The West Indian Cherry as a Source 
of Ascorbic Acid 


In 1946 Conrado F. Asenjo (3) and 
Freire de Guzman (4) in Puerto Rico 
found that the fruits of the West Indian 
cherry possess very high amounts of 
ascorbic acid. Their first experiments 
revealed an ascorbic acid content of 
1,030 to 3,309 milligrams per 100 grams 
of edible matter, or one to three grams 
of vitamin C in 100 grams (34 ounces) 
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The author selecting varieties of West Indian cherries in an orchard at the Agricul- 


tural Experiment Station of the University of Puerto Rico 


of juice. Green fruits were highest in 
ascorbic acid content, fully ripe fruits 
the lowest. 

Also in 1946 Mustard (13) in Florida 
reported on her findings of an extremely 
high ascorbic acid content in West In- 


dian cherries grown in Florida. Her fig- 
ures were similar to those reported by 
Asenjo and Freire de Guzman. At this 
time Mustard also made an interesting 
observation concerning the vitamin C 
content of jellies prepared from West In- 
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dian cherries. She found that these jel- 
lies contained more than 499 mg. of 
ascorbic acid per 100° gm. of jelly. This 
is significant because cooking generally 
tends to destroy vitamin C. Later in 
Puerto Rico, under the direction of Dr. 
Asenjo at the School of Tropical Medi- 
cine, further experiments were conducted 
with West Indian chérry jellies, and re- 
sults similar to those reported by Dr. 
Mustard were obtained (3). 

The high ascorbic acid content was 
confirmed by various researchers in other 
countries. Vieta de Ruiz, Duran, Rosen- 
kranz, and Kaufman (16) in Cuba re- 
ported an ascorbic acid content of 957 
mg. per 100 gm. in a selection of M. 
glabra. Jaffe (9) in Venezuela reported 
a value of 1130 mg. per 100 gm., and 
Cravioto (8) in Mexico cited up to 2520 
mg. of ascorbic acid per 100 gm. in selec- 
tions of M. punicifolia. 

Munsell (12) and her co-workers in 
Guatemala are the only investigators to 
date who have reported a relatively low 
ascorbic acid content for the fruit of a 
selection of Malpighia glabra. It has 
not been confirmed that these fruits col- 
lected in Guatemala are of the same spe- 
cies as the West Indian cherry in Puerto 
Rico or in Florida. Up to the present 
time, all the clones that have been tested 
and known to be the true West Indian or 
Puerto Rican cherry have yielded ex- 
tremely high amounts of ascorbic acid, 
varying from 1000 mg. to 4000 mg. per 
100 gm. of edible matter. It has also 
been observed that in addition to the 
ripeness or greenness of the fruit which 
affects the ascorbic acid content, the time 
of year also affects the amount of vita- 
min C in the fruit. Ledin (10) in Florida 
has reported a higher ascorbic acid con- 
tent for fruit harvested in July than in 
May. Investigators in Puerto Rico have 
also observed a marked difference in the 
ascorbic acid content of fruit harvested 
at different times during the year (1). 
It is suggested that rainfall, temperature, 
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sunlight and length of day be further 
investigated in relation to the time of 
harvesting the fruit and the effect upon 
size and ascorbic acid content. 

From 1946 up to the present time Dr. 
Asenjo has collaborated with the De- 
partment of Plant Breeding of the Agri- 
cultural Experiment Station of the Uni- 
versity of Puerto Rico in order to con- 
duct a study of the physical and chemi- 
cal characteristics of selected clones of 
West Indian cherries developed at the 
Experiment Station. Dr. Asenjo has also 
established the presence of appreciable 
amounts of dehydroascorbic acid in ad- 
dition to ascorbic acid in Puerto Rican 
cherries. Dehydroascorbic acid also has 
vitamin C activity. 

The Chemistry Department of the 
Agricultural Experiment Station of the 
University of Puerto Rico has been con- 
ducting experiments similar to those of 
Asenjo, and similar ascorbic and dehydro- 
ascorbic acid values have been found by 
these investigators. Dr. Rafael Santini, 
Jr. (14, 15) has also found levo-malic 
acid in appreciable amounts in the 
Puerto Rican cherry. This finding is sig- 
nificant, although levo-malic acid is not 
biologically active. By means of paper 
chromatography Santini has identified 
the sugars in West Indian cherry as dex- 
trose, levulose and sucrose. 

Santini and his co-workers have shown 
that the ascorbic acid content of West 
Indian cherry juice remains high if the 
juice is flash pasteurized and canned. 
They have indicated that juice stored for 
one year at 45° F. retains about 82 per- 
cent of the original ascorbic acid content, 
while juice stored at room temperature 
retains only 50 percent. Santini reports 
that the bright red color of West Indian 
cherry juice becomes yellowish after 
pasteurization, and that the canned juice 
stored at room temperature for a period 
of two months turns brown as CQOz gas is 
produced which causes swelling of the 
cans. However, Santini 


observed 


has 
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that frozen juices stored for the same 
period retain their bright red color with- 
out any ill effects to the can. He also 
reports that. a new process for separating 
and crystallizing ascorbic acid which had 
been used previously for green walnut 
hulls at the Western Regional Research 
Laboratory in Albany, California, has 
been successfully modified for use with 
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the West Indian cherry. The published 
results of Dr. Santini’s experiments will 
be of considerable significance for the 
canning and other processing industries. 

Also in Puerto Rico at the present 
time, Dr. Asenjo is engaged in a study to 
determine whether the ascorbic acid in 
West Indian cherry juice is biologically 
available to mammals (5). His initial 
studies, using guinea pigs, indicated that 
results similar for the “ cherry ” yields 
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were obtained in comparison to results 
obtained for synthetic vitamin C. Asenjo 
has also been studying the availability 
to human beings of the ascorbic acid of 
this fruit. Results of these experiments 


published in “ Federation Proceedings ” 
(Vol. 14, March, 1955) showed a rapid 
response to treatment with West Indian 
cherry juice. 


Experiments with an acute 


The flowers and leaves of the West Indian cherry. 


case of infantile scurvy treated with 
West Indian cherry jelly as the only 
source of vitamin C also showed immedi- 
ate and excellent results (5). 

Recent experiments in Puerto Rico 
with selection B-17 (West Indian cherry), 
have been reported (1). This selection 
is a high yielder of juice (73 percent of 
the weight of the fruit), and it is a large 
fruit. In these experiments the vitamin 
C content ranged between a minimum of 
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1325 and a maximum of 2250 mg. per 
100 ml. of juice. 


Field Work 


Experiments with the West Indian 
cherry have not been limited to the labo- 
ratory. Dr. Asenjo was so encouraged 
by the results of his first experiments to 
ascertain the ascorbic acid content that 
he could see a great future for research 
in this field. With this thought in mind, 
he visited Mr. Roque, the Director of the 
Agricultural Experiment Station in Rio 
Piedras, and as a result of their conver- 
sation and mutual agreement it was de- 
cided to establish a West Indian cherry 
project on the grounds of the Main Sta- 
tion at Rio Piedras. This project was 
started in 1947. 

The original West Indian cherry trees 
at the Experiment Station in Rio Piedras 
had been planted prior to World War II 
by Dr. H. W. Albert of the Federal Soil 
Conservation Department in an effort to 
control erosion on certain terraces on the 
Station grounds. During the war these 
trees were propagated and distributed 
for home use in a campaign to include a 
West Indian cherry tree in the back yard 
Victory Gardens of Puerto Rican fami- 
lies. Mr. E. Molinary Salés, who was 
the first leader of this project, utilized 
from the which had been 
planted by Dr. Albert, selecting seed 
from which 
ducing the largest and best flavored fruit, 
and under his direction 312 trees were 
planted in 1947. 

In 1948 Mr. C. Moscoso was named 
Project Leader for the West Indian 
cherry project and placed in charge of 
the field experiments from 1948 through 
1952. During this period he had the 
opportunity to work in cooperation with 
Dr. Asenjo. Their were 
published (6), and shortly afterward 
they began to receive many letters of 
inquiry from various 
concerns and research laboratories in the 


seed trees 


those trees had been pro- 


observations 


food-processing 
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continental United States. This interest 
in the work was gratifying to all who 
were concerned with the project, and 
they continued their experiments with 
great enthusiasm. 

By 1950 over 400 trees were planted 
and under study and supervision at the 
Main Station in Rio Piedras (11). The 
orchards were cleaned out, trees were 
pruned, experiments with different ferti- 
lizers and insecticides were initiated, and 
numbered selections were made of differ- 
ent clones. From that time to the pres- 
ent an intensive effort has been made to 
select clones of highest productivity and 
capable of yielding the greatest quantity 
of ascorbic acid. 

From 1951 to 1953 over 200 more trees 
were planted at the Isabela, Puerto Rico, 
Substation on Coto Clay soil. In June, 
1952, the project was taken over by Mr. 
Efrain Boneta and more recently by Mr. 
Félix Aréstegui. The Experiment Sta- 
tion has published several brief reports 
on field findings as well as results of 
experiments conducted in the Chemistry 
Department (2, 11, 14, 15). These publi- 
cations concerning the West Indian 
cherry are still available upon request to 
the Experiment Station at Rio Piedras, 
P. R. Field experiments with the West 
Indian cherry are still in progress at the 
Main Station in Rio Piedras, and at the 
Isabela Substation, under the care of 
Mr. George C. Jackson. It is hoped that 
through breeding and selection, standard 
varieties can be developed for use in 
Puerto Rico and elsewhere. These field 
experiments include all phases of propa- 
gation and cultivation, soil and climatic 
factors, irrigation, use of fertilizers, dis- 
ease and insect control, as well as breed- 
ing and selection. 


Propagation 


West Indian cherries may be propa- 
gated from seed or from cuttings, or by 
air layering and grafting. Of all methods, 
propagation by cuttings seems to be the 
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most rapid and most successful. This is seed selected at random from any West 
the easiest method, and it insures that Indian cherry tree because the parent 
the desirable characteristics of the parent plant may have received pollen from an 
plant will be retained in the offspring. undesirable variety, resulting in undesira- 


Fic, 3. Ripe West Indian cherries ready to be utilized in the extraction of juice 


Propagation by means of seed is the — ble characteristics in the hybrid offspring. 
slowest method, although it is quite satis- Also many seeds contain non-viable em- 
factory when selected seed is available. bryos and will not germinate. Selected 
Amateur growers will probably not have — seed is usually available from the Seed 
very satisfactory results from planting Farms Division of the Agricultural Ex- 
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periment Station in Rio Piedras, Puerto 
Rico. This seed is usually sold at ap- 
proximately 40¢ an ounce. The price 
may vary slightly according to the sea- 
son and demand. West Indian cherry 
seed may be shipped by parcel post or 
air freight. 
demand for seed during this past year, 
that at times our Seed Farms Division 
has not always had an adequate supply 
to meet all requests. 

We have received many requests for 
seedlings and young trees. However, 
since the plant quarantine regulations 
prohibit packing plants in soil for ship- 
ment from Puerto Rico to the continental 
United States, sphagnum moss must be 
used and the plants must be severely 
pruned and sprayed for insects and dis- 
Under these conditions there is 
always the possibility that the plants 
will not survive shipment. For these 
reasons, although seed propagation is 
relatively slow, it is recommended as the 
best method for persons who do not re- 
side in Puerto Rico or other areas where 
West Indian propagating material may 
be available. 

Seed Propagation. should be 
sown in a seed bed or in rows about one 
foot apart. Seeds are planted at two- 
inch intervals and covered to a depth of 
one-fourth inch. Partial shade is recom- 
mended, and the seeds should be watered 
regularly to insure germination. When 
the seedlings are three inches tall they 
may be transplanted to larger containers 
or directly to nursery rows. 

It is recommended that six- to 12- 
month-old plants be set in their perma- 
nent locations. West Indian cherries are 
easily transplanted. In nursery rows the 
plants should be spaced 12 inches apart 
in rows two feet apart. When larger 
plants are transplanted from nursery 
rows to hedgerows, the recommended dis- 
tance between plants is eight feet. In 
orchards the trees should be planted at 
regular distances of from 15 to 18 feet. 


There has been such a large 


eases. 


Seeds 
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Air Layering and Grafting. Air layer- 
ing and grafting as methods of propa- 
gation for West Indian cherries are losing 
in popularity due to the ease and success 
of cuttings. In some cases grafting may 
still be employed to obtain trees on root- 
knot-nematode-resistant stocks in areas 
where the root-knot nematode is a serious 
threat to suecessful cultivation. When 
the air layering method is employed, the 
stem is girdled, a ring of bark is re- 
moved, and the girdle is covered with 
damp sphagnum moss and a thin vinyl 
plastic film. Rooting usually takes place 
in four to six weeks. This method has 
been practiced more frequently in Florida 
than elsewhere. 

Propagation from Cuttings. The Agri- 
cultural Experiment Station of the Uni- 
versity of Puerto Rico recommends prop- 
agation of West Indian cherries by cut- 
tings as follows: 

a) Select healthy branches of about 
one-half inch in diameter. Make cuttings 
from eight to ten inches long. The leaves 
may be left attached to the stem, prefer- 
ably only two or three on the upper 
portion. 

b) Cuttings should be planted in a 
propagation box. The rooting medium 
may consist of one part sterilized soil 
and one part vermiculate or sand, or 
mixtures of sand and peat moss or ver- 
miculate and peat The rooting 
medium must be light and porous, al- 
though later the rooted cuttings may be 
transplanted to fairly heavy soil. 

c) Cuttings should be kept moist. A 
‘constant water mist ” is recommended. 

d) A rooting hormone may be applied 
to hasten the root formation which should 
require about two months. A mixture in 


moss. 


the proportion of 100 grams of tale and 
ten milligrams of 3-indole-butyrie acid 
may be applied to the base of the cutting 
for this purpose. 

e) When the cuttings are well rooted 
they may be transplanted to 10- or 12- 
inch pots or cans, or to nursery rows. 
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The young plants should be left in the 
containers or nursery rows until several 
leafy branches have developed and the 
roots are long and strong enough to with- 
stand transplanting to the field or or- 
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chard. This will require from six months 
to one year. 

Plants can be set out in the field at 
any time of year in Puerto Rico; but 
here as well as in Florida it is 
mended that transplanting be 


recom- 


accom- 
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plished just before the rainy season. 
Plants propagated by this method may 
flower and bear fruit by the second year, 
but a good harvest cannot be expected 
until the third or fourth year. Plants 


West Indian cherries, from immatu’e green to deep crimson of full maturity 


obtained from rooted cuttings will gen- 
erally bear fruit six months earlier than 
seedling trees. After the third year the 
West Indian cherry tree develops very 
rapidly, and maximum yields may be 
expected for at least 15 more years. 
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Culture 


Although the yield of fruit depends to 
a great extent on the clone and the 
amount of rainfall, it has been found 
that cultural practices have a great in- 
fluence on the amount of fruit which is 
produced. Before transplanting young 
trees to a hedgerow or orchard, the ter- 
rain should be given adequate prepara- 
tion. It is important to select a level, 
well drained The soil should be 
plowed and disked two or three times be- 
fore planting. In light sandy soils where 
nematode infestation is apt to occur, 
fumigation of the soil with DD prior tq 
planting is recommended. The trees 
should not be planted in any area that is 
subject to flooding. 

In Puerto Rico it has been found that 
the West Indian cherry does better near 
It is 
not believed that any of the clones thus 
far selected would withstand frost or 
temperatures lower than those occurring 
in central Florida during a normal] winter. 

Adequate rainfall is another important 
consideration in selecting a location for 
an orchard of West Indian cherry trees. 
Sufficient rainfall is necessary for a good 
vield of fruit. Rainfall also influences 
fruit size. Insufficient rainfall will cause 
the fruit to be small and shriveled. 
Heavy rains will result in larger fruits, 
but rainfall is not favorable. 
In general it may be safely stated that 
for temperature and rates of evaporation 
Puerto 
Rico, a yearly average of about 70 inches 
of rain, well distributed, would be ad- 
visable. 


site. 


sea level than at higher elevations. 


excessive 


similar to those prevailing in 


Excess rainfall seems to cause 
the fruit to be softer and more perish- 
able. Apparently rainfall affects the 
ascorbic acid content of the “ cherries ”, 
but experimentation along these 
lines is not far enough advanced to state 
any definite conclusions. If rainfall is 
not sufficient during the fruiting stage, 


also; 


irrigation is necessary, probably twice a 
week during extremely dry spells. 
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It is very important to keep the or- 
chard free from weeds. Pruning and 
thinning are necessary practices. It is 
recommended that crowded branches be 
thinned out and dead or diseased limbs 
removed as soon as possible after damage 
is observed. After the trees are three or 
four years old, pruning should be done 
annually, preferably between harvests. 
Removal of dead or diseased branches 
in time may prevent rotting of large 
branches or the trunk and subsequent 
loss of the tree. If any very large or 
heavy branches must be removed, the re- 
maining stumps should be covered with 
pruning paint. This will help to prevent 
entrance of any harmful organisms or 
insect pests. Special pruning in addition 
to the annual pruning may be necessary 
in areas such as Puerto Rico or Florida 
where heavy damage to the trees may 
occur during tropical wind storms. 

West Indian cherry trees vary in their 
habits of growth. Some trees tend to 
form a very heavy thick type of growth, 
requiring frequent thinning to increase 
the yield of fruit. Others tend to grow 
upright and with open growth. These 
respond to pruning of the top branches 
to stimulate more side growth. Until a 
great deal more work has been done to 
develop more stable seed varieties, West 
Indian cherry growers will probably find 
a great deal of variation in growth habits 
as well as in yield in their orchards. 


Application of Fertilizer 

The West Indian cherry responds very 
well to fertilizer, as has been demon- 
strated in experiments at the Agricul- 
tural Experiment Station in Rio Piedras. 
Many mixtures of fertilizers have been 
tried with varying degrees of success. 
The latest recommendations call for an 
application of from one-half to one pound 
of 8-8-13 mixed fertilizer for growing 
trees up to three or four years of age. 
This fertilizer should be applied twice a 
year. 


For older trees, the same composition 
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is recommended, three to five pounds per 
tree, also applied twice annually. The 
fertilizer is broadeast under the tree 
around the trunk and out to a distance 
of about one foot beyond the leaves. It 
may be mixed with the first few inches 
of top soil. 
Filter-press cake well 


or manure, 
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ant to most insect pests and diseases. 
However, the trees should be sprayed in 
order to insure production of good fruit, 
and to keep the trees healthy. As a pre- 


cautionary measure it is recommended 
that one or two copper sprays be applied 
annually to protect against sooty molds 
and other fungi. 


The formula for this 


Fig. 5. Variation in size 
cured, has also been very beneficial in 

Puerto Rico. Ten to 20 pounds of this 

type of organie fertilizer is recommended 

for each mature tree annually. Organic 
fertilizer may also be applied in the 
planting holes when the young trees are 
set out in the orehard. 


Disease and Insect Control 


Fortunately the West Indian cherry is 
a hardy tree. It is usually quite resist- 


among selected acerolas. 


spray is two pounds copper A per 100 
gallons of water. 

Generally a sooty mold follows infes- 
tation by various types of scale insects. 
In oil 
emulsion spray is very effective for get- 
ting rid of these insects. 


small orchards a concentrated 
Parathion is 
recommended for use in larger orchards, 
although it must always be remembered 
that this is extremely 
chemical insecticide and should be used 


an dangerous 
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only according to the manufacturer’s in- 
structions. Oil or Parathion sprays 
should not be applied during the fruiting 
season. 

Insects which attack the foliage of the 
West Indian cherry in Puerto Rico are 
aphids, mites and mealy bugs. In Florida 
the Southern green pumpkin bug and the 
leaf-footed plant bug have damaged the 
fruit. For foliage insects a solution of 
nicotine sulfate, one part to 100 parts 
water, is recommended for hedgerows 
and small orchards. Parathion is recom- 
mended to rid larger orchards of these 
same pests. 

Leaf worms and caterpillars may occa- 
sionally attack the trees. Two remedies 
are recommended: Marlate, applied ac- 
cording to the manufacturer’s instruc- 
tions, or a solution of 74 percent Chlor- 
dane (1 quart to 100 gallons of water). 

For all soil-borne insects a solution of 
two pounds Aldrin per acre, mixed in 
sufficient water, can be applied when the 
soil is being plowed prior to planting. 

The root-knot nematode has been a 
considerable problem in the cultivation 
of West Indian cherries in Florida (10). 
Very severe infestations result in poor 
growth and low production of fruit. 
Some root-knot-resistant species of Mal- 
pighia have been tried as root stock for 
propagating West Indian cherries; but 
the trees thus grown have been dwarf 
and produced low yields. Usually, where 
nematodes are a real problem, mulching 
the plants with straw or similar material, 
regular application of fertilizer, and irri- 
gation during dry periods, will overcome 
to a great extent the weakness caused by 
the nematodes, and the trees will pro- 
duce fairly well. 


Economic Outlook 
The West Indian cherry is already be- 


coming a cash crop of considerable im- 
portance in Puerto Rico. Commercial 


plantings have been established on the 
island, and more and more canning and 
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other processing concerns are becoming 
interested in the possibilities of utilizing 
West Indian cherry juice in the prepara- 
tion of their products. One of the first 
commercial uses of the juice was a sup- 
plement to baby fruit juices to supply a 
rich natural source of vitamin C. Some 
pediatricians are of the opinion that 
baby foods should not be enriched with 
synthetie products if the natural vitamin 
is available. 

However, the use of West Indian 
cherry juice is not limited to the produc- 
tion of baby foods. Ascorbic acid is also 
important as an antioxidant for preserv- 
ing the color of dried and frozen fruits. 
Ascorbie acid used in conjunction with 
citric acid for this purpose is very effec- 
tive in prevention of the browning which 
takes place during the drying and freez- 
ing of many fruits. 

Because of its perishable nature, it is 
not believed that the West Indian cherry 
will have much value as a fresh market 
fruit, except in very limited local mar- 
kets. The rive “cherries” cannot be 
shipped satisfactorily, although the half- 
ripe fruit will keep quite well for a few 
days, longer under refrigeration. During 
the harvesting season the fruit should be 
picked every other day, or at least every 
three days, as the ripe fruit tends to fall 
and is very easily bruised and damaged. 
It is recommended that the fruit be 
picked when it is beginning to turn a 
pinkish-orange or light red. Fully ripe 
crimson “cherries”, even though not 
bruised, will spoil very quickly. 

The ripe fruit is useful mainly as a 
fresh fruit to be eaten out of hand, un- 
less canning or other processing is to take 
place immediately after harvesting. In 
this case, both the ripe and half-ripe 
fruit ean be utilized. Too green fruit is 
not suitable for processing, nor is over- 
ripe fruit. For home consumption the 
fruit can be used in various appetizing 
ways, in addition to being eaten as a 
fresh fruit: in juice, sherbet or ice, ice 
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cream, jelly, preserves, and as a syrup 
for use in rum or gin drinks, or to be 
served with various desserts. 

West Indian cherry juice could be used 
to advantage as an enriching agent in 
the processing of numerous fruit juices 
and fruit nectars. It builds up the flavor 
and color of certain types of low solid 
orange juices, and it blends well with 
lime, pineapple, pear and peach nectars. 
In these blends a proportion of one to 
ten would produce a juice having more 
vitamin C content than the average glass 
of orange juice (3). The average daily 
requirement of vitamin C for a normal 
adult under normal conditions is 75 mg. 
Any fruit containing more than 60 mg. 
of ascorbic acid per 100 g. of edible mat- 
ter is generally considered to be a very 
good source of vitamin C. Considering 
those figures and the very high amounts 
of ascorbic acid which have been proven 
contained in the West Indian 
cherry, the potential value of this little 
fruit is not to be under-estimated. 

The West Indian cherry also contains 
thiamine, riboflavin and niacin, all in low 
amounts similar to the content in 
other fruits. It is also a good source of 
iron and calcium. Undoubtedly it will 
continue to gain importance as a door- 
yard fruit in Puerto Rico, Cuba, Florida 
and other semi-tropical areas where it 
can be grown satisfactorily. Several 
thousands of young trees have already 
been distributed by the Experiment Sta- 
tion in Rio Piedras to schools and indi- 
viduals throughout the Island of Puerto 
Rico. School children seem to be par- 
ticularly fond of the bright red pleasant 
tasting acerolas. 

In Puerto Rico from 30 to 62 pounds 
of fresh fruit may be produced by a 
single West Indian cherry tree in one 
year. For orchard plantings, yield may 
be calculated on the basis of trees per 
acre. If trees are planted at distances of 
15 by 15 feet, a maximum number of 194 
be planted. 
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recommend the 18 by 18 feet distance 
between trees in order to allow trees to 
attain their maximum development and 
to facilitate the use of small tractors in 
cultivation. At this distance 134 trees 
can be planted per acre. 

An orchard of 200 trees should pro- 
duce from six to nine thousand pounds 
of fresh fruit per year. Based on a mini- 
mum 60 percent juice extraction, each 
acre should yield 3,600 to 5,400 lbs. of 
juice. With a two percent content of de- 
hydroasecorbie and ascorbic acid com- 
bined, or vitamin C, in the juice, the 
annual yield of an orchard consisting of 
200 trees, aged three to four years, 
should not be less than 120 pounds of 
vitamin C expressed as dehydroascorbic 
and ascorbic acid (2, 14). The crop may 
also become a good economic source for 
the production of natural crystalline 
vitamin C. 


Addenda 


Since 1954 tests have been conducted 
under the supervision of Mr. Pablo Lan- 
drau of the University of Puerto Rico 
Agricultural Experiment Station to study 
the effect of major and minor elements, 
fertilizer, lime and organic materials on 
the yield and ascorbic acid content of 
the West Indian cherry. Preliminary 
results indicate that there is a response 
to the use of major fertilizer elements in 
relation to yield and ascorbic acid con- 
tent. 
application of minor fertilizer elements. 
Yields were increased considerably when 
lime was applied to acid soils. 

Additional tests are being conducted 
at the Station under the direction of Dr. 
Hector Cibes-Viade to study deficiency 


No response has been noted to the 


symptoms due to lack of major and 
minor elements in greenhouse sand cul- 
Visual symptoms of nutrient de- 
ficiencies are being recorded as well as 


tures. 


chemical analyses to determine the ex- 
tent of the influence of these deficiencies 
on yield. 
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Corn and Its Early Fathers. Henry A. 
Wallace and William L. Brown. xii+ 134 
pages. Michigan State University Press 
1956. $3.75. 

The greatest accomplishment of applied 
botany, in terms of monetary value, has been 
the production of hybrid corn. This book is 
an account of the men who first observed the 
effects hybridization in maize and of 
others who developed the techniques for con- 
trolling that hybridization in such a manner 
as to lay the foundation for a multi-million- 
dollar industry in the production of hybrid 
corn. 


of 


It all began thousands of years ago; just 
when, we do not know; and the names of the 
primitive Americans who were the pioneers 
are of course not recorded. Pollen of corn 
is very distinctive, and radio-active carbon 
examination of pollen discovered in a former 
lake bed 60 feet under the present Mexico 
City has established the existence of corn in 


An 


that part of the world 60,000 years ago. 
age of 5,600 years has been assigned to ears 


of corn actually found in the American 
Southwest, ears which were only three-quar- 
ters of an inch long but identifiable, never- 
theless, by the experts. The Indians of that 
area at that time very likely parched or 
popped the very hard kernels for food, and 
then by selection during many centuries they 
finally obtained ears perhaps four inches long. 
Such selection, very likely, was duplicated by 
the American aborigines in various parts of 
the New World, and then at time, 
again perhaps repeatedly, the improved 
strains became accidentally crossed with 
other wild grasses, particularly one of Mexico 
known as “teosinte”. Again, out of such 
hybrids, countless variations once more ap- 
peared, and again the Indians made selec- 
tions. By the time that Europeans first 
came to the New World, these selections 
were being cultivated from what now 
Canada to Patagonia. Among the selections 
were all the major types of corn known to- 
day—flint, flour, pop, dent and sweet—and 


some 


18 
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in this conglomeration was one particular 
variation that became esteemed by the early 
settlers of Virginia and known to them 
‘ gourdseed ”’, 

Selection of strains by the American farmer 
continued, and Cotton Mather, of Puritan 
fame, appears to have been the first to recog- 
nize the role of hybridization in the produc- 
tion of variations. It was not until 1877, 
however, that the first controlled 
were made between varieties of corn for the 
sole purpose of increasing yields through hy- 
brid vigor. That was the great contribution 
of William James Beal, Professor of Botany 
at Michigan Agricultural College. In the 
years that followed, until the close of the 
century, particular varieties, especially Reid’s 
Yellow Dent, acquired fame and widespread 
use; and a few people produced inbreds. 

Inbreds were destined to become the great 
feature corn growing, but their signifi- 
cance was not appreciated until after the 
principles of heredity were disclosed by the 
monk Mendel, until after George Harrison 
Shull had coined the term “ heterosis” for 
hybrid vigor, and until after D. F at 
the Connecticut Agricultural Experiment 
Station had invented the “ double-cross ” 
1915 thereabout The double-cross, 
achieved by hybridizing four inbreds, 
played such conspicuous increases in yield 
1920's the great 


as 


crosses 


of 


Jones 
es in 
or 
dis- 


that beginning in the early 
American corn industry, with its thousands 
of farmers, has by now been converted, more 
than 99%, No longer does the 
American farmer of the Corn Belt raise corn 
selected from his crib; he buys it from the 


to use of it. 


companies that produce the inbreds, cross 
them and spend fortunes every year seeking 
better germ plasm, better hybrids and greater 
vields. 

Perhaps no other chapter in the annals of 
American agriculture has more story-telling 
quality than this of hybrid corn, and the 
men responsible for it are entertainingly de- 
picted in this little volume. 
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The Chemistry and Technology of 
Waxes. Albin H. Warth 
+ 940 pages Reinhold 
1956. $18 


Sec. Ed. viii 
Publishing Corp 


Commercial Waxes. Edited by H. Bennett 


Sec. Ed. 688 pages. Chemical Publishing 
Co. 1956. $15. 


Of these two well known works on indus- 
trial waxes, dealing with the technology and 
utilization of these products, the former has 
170 pages devoted to those of vegetable ori- 
information in the second 
volume is very meagre, and the plant sources 
are not precisely identified. It is a volume 
purely for the industrialist, not the biologist 

In Warth’s book more than 125 waxes and 
their several hundred botanically identified 
discussed at varying lengths. 
several categories, 


gin Botanical 


sources are 
They are divided into 
namely, those obtained from the leaves and 
stems of palms, herbs and shrubs, grasses 
broad-leaf trees and narrow-leaf 
from glands and hairs of fruit cap- 
from roots and rhizomes; from barks 
of trees and shrubs; from latex-bearing 
plants; from fruits; from and from 
flowers. Many of these waxes so far are of 
little or no industrial value; others are of 
considerable importance, especially those ob- 
tained from the leaves of the carnauba palm 
(Copernicia cerifera) of Brazil and from the 


and sedges, 
trees: 


sules: 


seed : 


stems of succulent plants (Euphorbia anti- 
syphilitica) in the American 
Vegetable waxes, all together, furnish only 
about 3% of all industrially utilized waxes; 
the greater bulk is either synthetic or de- 


Southwest 


ECONOMIC 


BOTANY 


rived from petroleum. Nevertheless, the 
suitability of vegetable waxes, particularly 
carnauba, for certain purposes very likely 
will always assure a constant, though not 
always great, demand for them. 


Useful Plants of Nyasaland. Jessie Wil- 
liamson. 168 pages The Government 
Printer, Zomba, Nyasaland. 15s/0d. 1955. 


This book consists, for the most part, of 
an annotated, alphabetically arranged list of 
486 plants utilized in one or another way, 
but primarily as food, by the native peoples 
of Nyasaland. In addition, there is a tabu- 
lation of these plants arranged according to 
utilitarian categories. 


Plants That Feed Us. 


Carroll Lane Fenton 


and Herminie B. Kitchen. x+95 pages. 

John Day Company. 1956. $2.75. 

Wholly devoid of scientific names and 
technical terminology but well illustrated 


with excellent drawings and authoritatively 
written, this small book is a popular account 
of selected grains and vegetables, from arti- 
chokes through oats to zucchini. 


Sugar Cane Around the World. Arthur 
H. Rosenfeld. x +562 pages. Sugar Pub- 
lications, 605 Fifth Ave., New York 20. 
1955 

The greater part of this volume relates to 
the agronomy of the crop concerned; some 

65 pages are devoted to origin and early his- 

tory, to anatomy, botany and physiology, 


and to chemical composition. 


